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[ NTRODUCT! ON

Congressi onal passage of the Pacific Northwest Electric Power Planning
and Conservation Act (Regional Act) in 1980 ushered in a new era in natural
resource conservation in the Pacific Northwest. A significant feature of
the Regional Act was that it established a unique interstate conpact,
commonly called the Northwest Power Planning Council (Council). Appointed
by the Governors of their respective states, two nenbers from each
northwestern state--Oregon, Washington, Idaho, and Montana--conpose the
Council. The Council is charged with developing programs for (1) regional
power planning, (2) electricity conservation, and (3) nmitigating the
effects of hydropower devel opnent and operation on fish and wildlife in the
Col umbi a Ri ver Basin.

Wiile the responsibility for power, conservation, and nitigation
program planning lies with the Council, the responsibility for inplenenting
many of the program nmeasures lies with the Bonneville Power Administration
(BPA) and other federal agencies with hydro or power responsibilities in
the region: the Corps of Engineers, the Bureau of Reclamation, and the
Federal Energy Regulatory Commission. Under the terms of the Regional Act,
BPA is required to use its funding authorities to support measures
designed, "to protect, mtigate, and enhance fish and wildlife to the
extent affected by the devel opment and operation of any hydroelectric
project of the Colunbia River and its tributaries” (Sec. 4(h)(1O(A)).
Through this nechanism the costs of nmitigating federal hydroelectric
devel opnment and operation within the Colunbia River Basin are to be borne
by electrical consumers which purchase power from BPA.

In the years since the passage of the Regional Act, the BPA the
Council, and nunerous national and regional agencies, both public and
private, have nmounted an inpressive collaborative effort to protect and
enhance the fish and wildlife of the Columbia River Basin and to mtigate
danages caused by hydroel ectric devel opnent and operation. |ndeed,
estimated BPA costs in this endeavor (including direct expenditures,
foregone power revenues, and repaynents to the U S. treasury on behal f of
ot her federal agencies) totaled about $375 nmillion for the period 1983 to
1986. Many of the mitigation neasures enacted thus far have proceeded
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wi thout the benefit of much formal analysis, but in nost instances inforned
judgnent has established that such measures are justified

As the mitigation prescribed by the Regional Act proceeds, the
increnental costs of corrective measures to |essen the environmenta
i npacts of the hydroelectric system are expected to increase and difficult
questions to arise about the costs, effectiveness, and justification of
alternative nmeasures and their systemwide inplications. It was deened
prudent by the BPA to anticipate this situation by |aunching a forward-
| ooki ng research program ai med at providing nethodol ogical tools and data
suitable for estimating the productivity and cost inplications of
mtigation alternatives in a tinmely manner with state-of-the-art accuracy.
In this spirit, Resources for the Future (RFF) agreed at the request of the
BPA to develop a research program which would provide an analytical system
designed to assist the BPA Adnministrator and other interested and
responsible parties in evaluating the ecol ogical and economc aspects of
alternative protection, enhancement, and mitigation neasures.

H storical Background

The events leading up to the fish and wildlife provisions of the
Regi onal Act began in the mddle and late 1930s when several |arge dams and
power houses were created on the main stemof the Columbia River, partly for
the purpose of providing enploynent and other economic stimuli during the
Geat Depression. The first major dam Rock Island, a Public Uilities
District damwas conpleted in 1933, and the nuch larger federal Bonneville
and Grand Coul ee Danms in 1938 and 1941, respectively. Toward the end of
this early history of hydro devel opnent on the Col unbia River, it became
apparent that an agency would be needed to transnmit and narket the |arge
amount s of hydroelectricity that could soon becone available. To fulfil
this need, the Congress passed the Bonneville Project Act in 1937 which
created the “tenporary” Bonneville Power Administration. Fortui tously, a
| arge market for electricity developed quickly, primarily in the
el ectronetal lurgical industries that produced aluminumfor aircraft
construction during Wrld War Il. After the war electrical demand in the
Paci fic Northwest grew steadily and fast until very recently, and
hydr opower devel opnent occurred simultaneously on a very |large scale.
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The system of federal dans in the region came to be known as the
Federal Colunbia River Power System (FCRPS). At present it consists of 31
projects with total installed capacity of 19,350 nmegawatts and over 20
mllion acre-feet of storage capacity. In addition, there are large public
and private utility hydroelectric dans and federal and state dans for flood
control. The provided map illustrates the location of major danms within
the Colunbia River Basin (Figure 1).

Though the FCRPS and other hydroelectric projects provide inexpensive
electric power to the region, they also interfere with anadromus fish
reproduction and migration. This has led to large losses in potential fish
production. But there have been other major sources of such |osses, many
of which historically preceded hydrosystem devel opnent.  Loggi ng, m ning,
agricultural practices and overfishing have hindered anadronous fish
production for many years. A large ocean fishery, which developed in tine
roughly corresponding to the great dambuilding era on the Col unbia,
continues to harvest a large proportion of salnmon produced in the Col unbia
Ri ver Basin.

Adding to these factors, a severe drought in the late 1970's and the
occurrence of unfavorable ocean conditions reduced fish runs to historical
mninums. Wiile the circunstances leading to the passage of the Regional
Act stenmed primarily from other sources, the Congress was pronpted by
environmen tal concerns, particularly for anadronous fish, to include the

following | anguage in the Act:

4.(h)(5) The Council shall develop a programon the basis of
such recomendations, supporting docunents, and views and
information obtained through public coments and participation,
and consultation with the agencies, tribes, and custoners
referred to in subparagraph (A) of paragraph (4). The program
shal | consist of neasures to protect, mtigate, and enhance fish
and wildlife affected by the devel opnent. operation, and
managenent of such facilities while assuring the Pacific

Nort hwest an adequate, efficient, econonmical, and reliable power
supply.  Enhancement measures shall be included in the program
to the extent such neasures are designed to achieve inproved
protection and nitigation.

4.(h)(6) The Council shall include in the program neasures
which it determnes, on the basis set forth in paragraph (5),
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will--(A) conplenent the existing and future activities of the
Federal and the region's State fish and wildlife agencies and
appropriate Indian tribes; (B) be based on, and supported by,
the best available scientific know edge; (C) utilize, where
equal ly effective nmeans of achieving the same sound biol ogical
obj ective exists, the alternative with the mninum economnc
cost; (D) be consistent with the legal rights of appropriate
Indian tribes in the region; and (E) in the case of anadronous
fish--(i) provide for inproved survival of such fish at
hydroelectric facilities located on the Colunmbia R ver System
and (ii) provide flows of sufficient quality and quantity
between such facilities to inprove production, mgration, and
survival of such fish as necessary to meet sound biol ogica

obj ecti ves.

Havi ng followed the procedures specified by the Regional Act, the
Counci| adopted its original Fish and Wldlife Program late in 1982. The
initial Program contained a variety of mitigation neasures, including the
installation of bypass facilities to guide mgrating young sal mon around
power house turbines at major dans in the Colunbia and Snake Rivers and a
special allocation of water for fish, called the water budget. Federa
project officers and regulators annually provide the fish and wildlife
agencies and the tribes with a total water budget of 4.64 mllion acre-feet
to be used at their discretion between April 15 and June 15 to augment
flows normally provided for other purposes, including hydroelectric

generation, navigation, and flood control. These enhanced flows, which aid
the passage of juvenile fish downstream are timed in such a way as to
maximze their effect. In dryer years when flows fall bel ow average, such

as occurred in 1987, providing water budget flows can result in substantial

| osses in revenue to power producers.

The Fish and Wldlife Program was anended in 1984 and again in 1987
and enphasis renmains on the area of the Columbia River Basin upstream from
Bonneville Dam  The greatest losses of fish runs have been in the upper
Col unbi a and Snake River areas, while nost of the mitigation prior to the
Regi onal Act involved increased hatchery production in the |ower basin.

The Council has also initiated a process of subbasin planning with priority
given to the areas above Bonneville Dam  However, the counc i 1 recogni zes
the need for systemwide integration. Indeed, one of the nore inportant
features of the Regional Act is that it specifies that a systemi de
approach be taken in the planning and inplementation of nmitigation efforts.
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In the 1987 Program amendments, the Council established an interim
obj ective of doubling the average annual production of adult Pacific sal non
and steelhead trout which they presently estimate to be about 2.5 nillion
fish. This total includes fish that are caught at sea and adult fish
returning to the nouth of the Colunbia River. The Council has not set
goals or objectives for specific stocks and subbasins; these products are

expected from future planning.

The RFF Research Program

The research program proposed by RFF was intended to be conmpleted in
three phases. Phase |, jointly sponsored by the BPA and RFF, was designed
to identify econonmic and related research issues to be pursued in later
stages of the research program A document reporting on Phase | was
delivered to BPA in md-1984. The Phase |l research was aimed at providing
a conprehensive design of the research program-includi ng devel opnent of
needed nethodol ogies, identification of data needs and potential sources,
and a plan for the programis execution. The bulk of the actual research
now contemplated is to be conducted in Phase |Il, although the research
pl anning has invol ved considerable research in its own right.

The work plan for Phase Il, agreed to by RFF and BPA, specified the

foll owing tasks

Task 1: Investigate the feasibility of, and to propose a plan for

devel opment of a system nodel which would provide capability to estinate
loss in fish productivity attributable to devel opment and operation of the
hydroel ectric system and individual hydroelectric projects and woul d

i nclude the hydrol ogic, ecologic, and econonmic conponents of the Col unbia
River system including using suitable (as determned by the contractor)
components of existing nodels.

a) Assess the utility of existing Colunbia Basin and Pacific
Nort hwest fish harvest, juvenile migration, and habitat potentia
model s for devel opnent of BPA fish and wildlife mtigation
accounting procedure and policy. Docunentation for the models
will be obtained by the contractor.

b) Prepare a plan for nodel devel opnent which recognizes the need to
i ncl ude components in a system nodel Vv:hich would allow sinulating
the fish production effects of:



i) historic, existing and prospective levels of natura
habitat productivity,

i) alternative harvest mmnagenent strategies and practice
and

iii) alternative protection, mitigation strategies and
practice, and including |ong-term change in the amount
and | ocation of water diversions or instream fl ow
regime, for the purpose of comparing the cost-
ef fectiveness of such alternatives.

Task 2: Design a study to assess alternative procedures for allocating
responsibility for loss in fish productivity:

a) to the hydroelectric purpose of federal hydroprojects,
b) between federal and non-federal hydroelectric projects, and

¢c) to systemnde | oss caused by hydroel ectric system devel opment and
operation, but not attributable to project(s) of any single owner.

Task 3: Inventory available monitoring and accounting options and eval uate
their suitability to the objective of fornulating a system for measuring
mtigation progress, to include

a) approaches to nonitor changes in production of smolts and adult
anadronous fish, and

h) study of methods to statistically adjust results of nonitoring for
random variations and other perturbations to fish production not caused
by the hydroelectric systemor nitigation efforts.

The Phase |1 research planning covered all aspects of the work plan
but the enphasis placed on various conponents evolved as the RFF team
delved into the nature of the problens to be addressed and as a result of
ensui ng devel opments vi thin the region. Specifically, the Council’s
acceptance in 1986 of an estimate of the loss in fish production
attributable to the hydroelectric system | essened the relative inportance
of devel oping analytical nethods for this task. Mst of the effort in
Phase Il was expended on Task | which (in abbreviated forn) called for
investigation of the feasibility of, and devel opnent of a plan for, a
system model including the hydrologic, ecologic, and econonic conponents of
the Colunbia River system \here suitable, components of existing nodels
were to be included. The pr imary notivation for devel oping such a nmode



(or set of mpdels) is to provide an analytical basis for estimating the
bi ol ogical and economc inplications of alternative management strategies.

The necessary steps in devel oping an analytical system for the
Col unbia River systemfollow a natural progression. The first step in
devel oping such a system is understanding the ecological relationships that
are inherent within the fisheries. One can then begin to build
mat hemati cal nobdel s which quantitatively estimate the changes in fish
production that might result from management actions. Fromthere, if
estimates of the economic costs of alternative nanagement strategies can be
made, tradeoffs among levels of fish production and cost can be exam ned.
If the systempernmits it, advanced analytical techniques may allow one to
deternine which conbination of measures will result in a given level of

fish production at |east cost.

While this progression froma ecol ogi cal understanding to cost-
ef fectiveness analyses is straightforward in concept, the conplexities of
the Columbia River system nake the devel opment of analytical nethods far
fromsinple in practice. The Phase Il final report outlines the technical
i ssues involved in developing an analytical system and proposes a program
of research to address these issues. The report is presented in this
summary report (Volune 1) and Volunme 2 which consists of three technical

reports:  Part |, Mdeling the Salmon and Steel head Fisheries of the
Col unbia River Basin; Part Il, Mdels for Cost-Effectiveness Analysis; and
Part 111, Qcean Fisheries Harvest Management. The following discussion

briefly sunmmarizes information given in each major section of Volume 2. In
addition, a closing section concerning witten coments received on the
Phase Il draft report is included.



PART |: MODELING THE SALMON AND STEELHEAD FI SHERIES OF THE COLUMBI A
Rl VER BASIN

Systenms Analysis and the Fish and WIldlife Program

The Fish and WIldlife Program adopted by the Northwest Power Planning
Council represents a nost renarkable and anbitious collaborative effort to
protect, mtigate, and enhance the anadronous fish populations of the
Col unbia River Basin. The regional scope and inmense probable cost of this
effort demand that careful consideration be given to program nanagenent -
-the planning, coordination, and evaluation of neasures called for within
the Fish and Wldlife Program The analytical tools which are needed to
facilitate program managenent fall within the purview of systens analysis.

In sinple terns, systens analysis can be defined as a body of theory
and anal ytical techniques which are designed to assist policy makers in
choosing among options. Two of the more useful tools of systens anal ysis
are nodeling, in which conplex systens are represented by abstractions, and
simulation, a process in which one tries to better understand system
behavi or and to anticipate potential inpacts of managenent actions by
constructing and experimenting with conmputer nodels. \Wen used correctly,
systens analysis can be a vital conponent of the decision-support system
used in natural resource managenent. The role of systens analysis within
the framework of the Fish and WIldlife Programis discussed in Volune 2,
Part I. A clear understanding of the use of modeling to support managenent
and research is needed before proceeding with nodel devel opnent.

One view of nodeling is as an internmediary between resource managenent
and research. Models provide a coherent way of summarizing information
gained from past managenent experience and research, and presenting this
know edge in a usable fashion to resource managers and researchers. Fo
long-term regional resource allocation problens such as those in the
Col unbia Basin, it is inportant that the nodeling process keep pace with
changes in managenment philosophy and current understanding of the system
One must understand the dynamc nature of nmanagement and research, and the
equal Iy dynamic role that nodels must play.



This view of a dynamic relationship between nodeling and components of
management and research is depicted in Figure 2. Wthin the system
illustrated therein, information is exchanged between conponents. The only
static feature is the managenent goal. GCoals involve inplicit values and
they are generally stated in ways that nmake them inherently non-
quantifiable. For exanple, a goal might be “to inprove the upriver salnmon

fisheries.” Once defined, the management goal is the primary inpetus for
managenment, nodeling, and research. The final objective is to have in
pl ace measures which serve the managenent goal. The conponents other than

goal definition receive inputs from and have explicit feedback | oops
associated with, one or nore additional conponents. The nature of these
components will change with time in response to new or updated information
as it becones available

In order for this information systemto work nost effectively, al
information pathways shown in the diagram nmust exist, and information
transfer nmust take place in a tinely manner. This is especially true of
the feedback |oops which pass through monitoring and evaluation and through
model corroboration, a systematic process of conparing nodel structure and
predictions to actual system behavior. Premature termination of an
information loop can be a invitation to disaster. For exanple, a tenpting
shortcut mght be to define a managenent goal, characterize the system
invol ved, formulate a nodel, run sinulations, plan a program of managenent
measures based on nodel predictions, and inplenent the chosen measures.
Such a strategy may suffice for a localized problemin which the systemis
reasonably wel| understood, but it is an inprudent strategy for a large

conpl ex system such as the Colunbia. It is unreasonable to assune that one
will entirely “get it right the first time.” Sone neasures wll work
better than expected, some worse, and sone not at all. Disappointing or

negative results from managenment actions should not be used sinply as

ammuni tion for sinking an ongoing nodeling program Rather. knowing that a
certain neasure perforned poorly provides information that should be used
to correct inaccurate nodels which can then be used for future analyses.

In a sinmlar fashion, a well-directed research program can be of imense
benefit to the managenent effort by inproving the predictive capabilities

of the nodels.
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In regard to the Columbia River Basin Fish and Wldlife Program three
areas in which nodeling and sinulation could play pivotal roles include (1)
program planning, (2) system nonitoring, and (3) developing a research
agenda. These three areas are obligate complenents of one another. The
system and subbasin pl anni ng process described in the 1987 Fi sh and
WIldlife Program requires that the parties which define goals and
obj ectives must also prescribe the measures needed to achieve them In a
system as conplex as the Columbia, integration of subbasin plans is a
form dable challenge. Also, ensuring program effectiveness requires
adequate monitoring which can both identify effective mtigation efforts
and neasure progress towards a specified goal. Al of these tasks share a
common prerequi site--know edge of the ecological processes at work within
the basin--which calls for a sound research program  Such a research
program should properly include both basic research and a provocative
managenment strategy (adaptive managenent) which reduces uncertainty by
treati ng managenent actions as experiments to provide information about the
system which can then be used for nore efficient managenent.

In Part | of Volume 2, the role of systens analysis and sinulation
model s in addressing each of the above tasks is discussed. Basically,
model s serve as tools for integrating information, identifying
uncertainties, and anticipating change. If nodels are to be used in the
Col unbia River system it is clearly in the best interest of all parties
concerned that the involved nodels represent the best available
technol ogies and scientific understanding. Part | outlines an approach to
model i ng the popul ati on dynamni cs of sal non and steel head fromthe Col unbi a
River Basin with special reference to the influence of the hydroelectric
system As noted, the Phase Il task assigned to RFF has been to consider
the problem of nodeling the Columbia River Basin, design a nodeling
program and devel op recommendations for research in Phase Ill--not to
explicitly nmodel the fisheries of the basin. Therefore, the heuristic
model s which are presented serve only as exanples of technologies which
could be enployed in future nmodeling efforts

Consistent with the broad scope identified in the work plan, the
research planning presented in the Phase Il final report spans the
pertinent systens involved--ecological, hydrological, and economic. Wile
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Part | deals primarily with nodeling fish population dynamics, Part |l of
Vol ume 2 focuses upon hydrol ogy and economics and the interrelationship
among all three conponents. Extensions of the methods proposed in Part |
to include costs are discussed in connection with the contents of Part Il
in the next major section of this summary report.

Special Challenges in Mdeling the Colunbia River Basin

In designing nodels of the Colunbia River Basin fisheries, there are
three major concerns that must be addressed: (1) the ecological conplexity
of the system (2) pervasive uncertainties, and (3) the intended use of the
models.  The intricate and unique life histories of the nany stocks
(popul ations which are genetically, spatially, or behaviorally separated
from other populations) within the Colunbia add to system conplexity and
provide anple opportunity for anthropic influence through hydroelectric
generation, harvest, irrigation, and environnmental degradation. Also
despite a long history of fishery research on the salnonids of the Col unbia
Ri ver Basin, many inportant ecological processes or relationships remain
poorly understood. For exanple, little is known about the mmjor processes
affecting survival and growh of juvenile salmon in the estuary and ocean
a conponent which may be crucial in determning the relative success of a
stock. Even when processes are reasonably well understood, reliable
parameter estinmates remain elusive. This conbination of conmplexity and
uncertainty raises two problens for would-be nodelers. The first is trying
to understand the system well enough to construct a nodel and define
reasonabl e paraneters. The second is trying to strike a balance such that
the nodels contain the detail necessary to characterize the system but are
not so conplex as to conpromse their utility in planning and policy

anal ysi s.

The third major concernis related less to what is known about the
system than to what questions might be asked of nodels. The concern is
that nodels might be asked to address questions that are divergent in
scope. To illustrate, one might ask tvo questions: (1) what is the inpact
of the water budget on run size, and (2) how will inproving bypass
facilities at Little Goose Dam affect snolt survival past the dan®? The
first question is clearly broader in scope than the second and has system

13



wi de connotations. |f separate nodels were designed to address these
questions, the nodel designed to answer the second question would be
narrower in scope and have a finer level of resolution. The dilemm is
that if only a single nodel is to be built, then it must have the scope to
answer the systemw de question and the resolution to answer the second
more site-specific question. Such a nodel would likely be so large and
cumbersone that it would be of little use to fishery managers.

A Proposed Biol ogical Mdeling Approach

In order to tackle the conplex problenms posed by the Col unbia system
we propose a hierarchical approach to nodeling the biological aspects of
the salmon and steel head fisheries. Wthin this hierarchical structure,
model s are arranged according to the relative spatial and tenporal extent
of the system sinulated by each nodel (scope). As the scope progressively
increases, the level of resolution within the nodels decreases. Thi s
limts the overall size of the nodels so that they may fit on a micro- or
mni -conputer. Separate nodels of distinct periods in the salnonid life
cycle (life stanzas) form the lowest level in the hierarchy, followed by
model s of the complete life cycle, and at the highest level, a systemleve
model (s) (Figure 3). Individual nodels within each level of the hierarchy
have the capacity to work independently or in tandem Each nodel is
constructed such that outputs from one nodel can serve as inputs to other
model s.  Conceptual ly, the conponents of one level collectively enconpass
the next level in the hierarchy. For exanple, the life stanzas
collectively define the complete life cycle of a salnmon population, while a
collection of populations represent all stocks of interest within a defined

system

The primary reason for nodeling life stanzas separately is to allow
detailed representation and isolated analysis of each life stanza. Using
this approach, one can address questions that vary in scope with a model of
arrangenent of nodels that operate at a relatively fine level of

resol ution. For exanple, the effect of fallback on upstream survival might
be properly exam ned using a nmodel which s inulat es only the ups t ream
mgration. [f increasing the nunber of snolts passing Bonneville Damis a

key objective, one night analyze alternatives using the juvenile production

14
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and downstream nigration nodels with a hydrologic nodel in a tandem
arrangenent. In both exanples, the nodular structure provides the
resolution and the scope necessary to examne the questions at hand without
the burden of having to deal with the remainder of the system during the

anal yses.

Many tines questions are asked that concern the conplete life cycle.
For exanple, is it feasible to have a sustainable, naturally reproducing
popul ation of spring chinook salnon in the Clearwater River Basin? It is
possible to address such questions by linking |ife-stanza nodel s toget her,
but such an arrangenent is cunmbersone. Also, the level of resolution
provided by the life-stanza nmodels is likely unnecessary or inappropriate
for popul ation-level analyses. For this reason, life-cycle nodels are
needed for the next level in the hierarchy which operates at a coarser
| evel of resolution. The purpose of a life-cycle nbdel is to sinulate the
complete life cycle of a particular salnmon or steel head stock

In an anal ogous fashion, there are systemlevel questions to be
addressed for which life-cycle nodels are inadequate. The intent of the
Regi onal Act requires a systemii de approach that entails bal ancing the
bi ol ogi cal needs of many salnon and steel head stocks with the often
conflicting demands of those harvesting the fish, and of other users of the
river system Because of the tenporal and spatial segregation of salnon
and steel head stocks within the basin, certain mtigation measures such as
habitat inprovement nay be relatively stock-specific. Qher, nore
systemwi de actions such as the water budget and snolt transportation may
benefit a variety of stocks. Both types of neasures contribute to the
overall goal of the Fish and Wldlife Program by increasing total run size
but a mechanismis needed to evaluate the tradeoffs in terns of costs and
equity among systemwi de and stock-specific actions. As an illustration.
systemwi de inprovenents in downstream passage at first nmight seemto be
prohibitively expensive. However , the costs of passage inprovements may
conpare favorably with the total costs of alternative investments in
increasing the juvenile production of upstream stocks on a stock-by-stock
basis to achieve simlar results. Special concern should be given to
actions which may benefit a certain stock(s) while being detrinmental to

others. For exanple, increasing hatchery production nmight lead to
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excessive harvest pressure on wild stocks, thereby prohibiting these stocks
fromrebuilding. Addressing questions such as these requires a system
model . Such a mbdel does not need the resolution of the life-cycle or
life-stanza nodels, but it does need to faithfully represent the basic
ecol ogi cal relationships inherent in the system

A primary requirenent of nodel construction is that |ogica
consi stency nust be maintained across all levels of the hierarchy. In
other words, the behavior of a nodel in any given level should be
conmpatible with the behavior of the nore detailed nodels at all |ower
| evels of the hierarchy. In order to insure consistency, construction of
models within a given level is constrained by both higher and |ower |eve
considerations. Cuidelines for mpdel construction which insure consistency
are described in Volune 2.

Li fe-stanza nodel s

Most of the prelimnary biological nodeling work that has been
conpl eted during Phase Il has focused on the life-stanza nodels. There are
two reasons for this enphasis. First, it is within the |ife-stanza nodels
that causal |inks between mitigation neasures and biol ogical responses must
be specified at a relatively fine level of resolution. Second, there is a
perceived need to examine particular conmponents which have not received the
attention that they deserve.

Construction of life-stanza nodels requires a broad range of
i nfornati on. Table 1 summarizes the information necessary to specify each
model and the inputs and outputs that mght be expected. In Volune 2, each
life-stanza nodel is discussed in nmore detail and exanple nodels are
presented which demonstrate useful modeling techniques, often of a
probabilistic nature, and the possible utility of devel oping such nodels
for the real system Sone of the finding concerning each life stanza are
sunmmari zed bel ow.
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Table 1 Qutline of Major Features of Proposed Life-Stanza Mdels.

[.  Juvenile Production Mdel

A, Necessary information
fecundity relationships
hat chery production characteristics
natural production characteristics
outplanting alternatives
survival paraneters
growth equations
smol tification schedul es

B. Inputs
nunber, sex ratio, age structure, and condition of

adults returning to spawning areas

C outputs
number, size, physiological condition, and timng of
outmgrating juveniles

[I. Downstream M gration Mbdel

A, Necessary information
natural nortality rates
river flow / nmigration rate relationships
dam passage rel ationships
transport policies and nortality

B. Inputs
river flow, hydrosystem operations
nunber, size, physiological condition, and timng of
juveniles beginning outmgration

C.  outputs
nunbers, size, physiological condition, and timng of

outm grants passing each project
[11.  Estuary and Early Ccean Mbdel

A, Necessary Information
m gration paraneters
growth paraneters
mortality parameters
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Table 1 Conti nued.

[11. B. Inputs
envi ronnental conditions

nunbers, size, physiological condition, and timng of

of snolts reaching the estuary

C outputs
nunbers and size distribution of fish recruited to

ocean fishery
V. Late Ccean Model

A, Necessary infornmation
natural nortality rates
harvest rates
maturity schedul es

B. Inputs
nunbers and size distribution of fish recruited to
ocean fishery

C. outputs
ocean harvest
number, sex ratio, age structure, and tinming of
adults returning to river

V.  Upriver Mgration Mdel

A, Necessary information
natural nortality rates
harvest rates
dam nortality rates
fall back probabilities
delay time distributions

energetic cost and reproductive condition infornation

B. Inputs
river flow, hydrosystem operations
number, sex ratio, age structure, and timng of
adults returning to river

C  outputs
inriver harvest
nunber, sex ratio, age structure, and condition of
adults returning to spawning areas
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Juveni |l e Production

A central feature of the Fish and Wldlife Programis the effort to
bol ster production of juvenile salnon and steelhead in the Colunbia R ver
Basin, as neasured by both the quantity and quality of outnigrants
(smolts). The current effort to rebuild production levels includes a
conmbi nation of both natural and artificial production nethods, including
using hatcheries to produce fry which are then released (outplanted) in
natural streans for rearing. The question which acconpanies each proposed
measure is what inpact will this measure have on juvenile production? WII
it be effective? Proposed nmeasures nmust be examined relative to available
alternatives. Each alternative is judged based upon expectations suggested
by some type of nodel, where in this case nodel refers to an assumed set of

quantitative relationships.

Juvenile production is a conplex, nultidimensional phenomenon that is
not easy to understand, nuch less predict. The two nore popul ar approaches
to nodeling juvenile production, habitat-based nmpdels and stock-recruitnent
model s, lack the qualities necessary for either nodel to be applied
exclusively throughout the Colunbia Basin. Production npdels are needed
whi ch have conponents of both approaches. In addition, the enphasis placed
on using outplanting as a neans of supplenenting natural production demands
that careful consideration be given to ways of representing interactions

between wild and hatchery fry.

Gven the nmixed assortment of nmitigation neasures that have been
proposed for tributary streanms, the inconsistencies in available data, and
the diverse character of the tributary basins, it seems unwi se to attenpt
to devel op a general production nodel that can be ubiquitously applied. A
more pragmatic approach mght be to focus on the tributary basins and try
to devel op production nodels that are uniquely suited for each basin. Such
model s will take advantage of the best available data for each basin and be
tailored to fit the physical characteristics of each. Available managenent
options within each nodel would be linmted to those neasures which are

identified beforehand as being appropriate for each basin.
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Modeling the Qutmgration

A fairly rigid structure for accounting for losses of mgrating young
fish incurred in passing dans and powerhouses has been incorporated into
exi sting nodel s of downstream passage such as the FlI SHPASS nodel devel oped
by the U S. Arny Corps of Engineers. Less obvious, but no less real than
the |l osses occurring at the dans are nortality |osses associated with
passage through the reservoirs. The variety of approaches to nodeling
reservoir survival incorporated in existing nodels highlights the
uncertainty surrounding this issue. There is an immediate need for a
sound, theoretically and enpirically based nodel of reservoir passage and

survi val

A stochastic conpartrment nodel approach described in Volume 2 provides
a promsing nethod of representing reservoir passage such that the effects
of current nitigation measures can be evaluated and the inpact of future
actions mght be anticipated. A notable strength of this approach is that
it allows one to distinguish changes in rate of passage from changes in
i nstantaneous nortality rate, two conponents that will be affected by
mtigation neasures in different ways. Existing nonitoring data, conbined
with high-quality data which are expected to result from technol ogica
advances in snmolt nonitoring, can support inplenentation of the stochastic
approach described therein.

Early Marine Survival and Gowh

For many Col unbia Basin stocks, the relative success of each year
class may be largely determned by the magnitude of the nortality incurred
during their brief stay in the estuary or in their first few mnths in the
ocean. Fishery mmnagers face the challenge of identifying nanagenent
actions that will enhance the prospects of marine survival of these stocks.
VWile the list of available management optionswi thin the estuary and ocean
is limted, managers can influence marine survival via upstream management
actions which affect the timng of arrival, size, and physiologica
condition of smolts. Construction of applicable simulation nodels which
m ght provide guidance is constrained, but not prohibited, by limted
know edge of the Colunbia system
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Vol ume 2 describes an exanple nodel which was constructed to sinmulate
the survival and growh of a fictitious chinook salnmon stock fromthe tinme
it reaches the estuary until the end of year. The purpose of this nodel is
to refine understanding and focus debate--not nunerical prediction. Based
on a principal assunption that growth influences survival, results from the
model indicate that timng of arrival and size at arrival substantially
affect survival through the first year. The nmgjor benefit of building such
models is that they identify critical data needs and point to experinents
whi ch coul d reduce ngjor uncertainties, thus leading to a more effective
Fish and Wldlife Program

The Late Ccean Peri od

Most of the research interest in the ocean conponent of the sal non
life cycle historically has focused on issues involving sport and
conmerci al ocean harvest. A conprehensive discussion of ocean fishery
i ssues can be found in Part IIl of Volume 2. But allocation of harvest is
not the only issue of inportance in the ocean fisheries. Ecological issues
such as growth rates, size structure, and age at sexual maturity interact
with harvest rates to influence the relative productivity and fitness of a
stock and are best explored within a sinulation nodel. The sinulation
model presented in Part | is a conpanion nodel which allows one to address
questions outside the scope of the approach described in Part |1

The purpose of the exanple presented is to explore the relative
i mportance of selected nechanisns which affect the age and size structure
of maturing adults and the potential inplications for stock reproductive
potential. The nodel results suggest that under the conditions specified,
stocks which mature on the basis of size as well as age have a higher
reproductive potential and exhibit less sensitivity to cunulative mortality
processes, such as harvest, which decrease the nmean age at maturity. Ways
of distinguishing such stocks and the usefulness of this information to

fishery managers also are discussed.
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Model ing Upstream M gration

Hydroel ectric devel opment of the Colunbia Basin poses major obstacles
for adult salmon trying to return to natal spawning areas. The dams which
cl og the mai nstem Col unbi a and Snake Rivers effectively block or inpair the
upstream mgration of adult fish. Poor design or inefficient operation of
installed passage facilities can result in delay or nortality of mgrating
fish. Delay and fallback associated with dans add to the energetic cost of
mgration thereby reducing the energy available for reproduction and
decreasing the reproductive potential of a stock.

In order to assess the chances of an individual fish naking a
successful spawning migration, one must be able to estimate the Iikelihood
of available energy reserves being sufficient to cover the energetic
demands of migration. Thus arise the three basic parts of a conprehensive
model of upstream migration: (1) an estimate of the variability in both
time expended and distance traveled in nmigration, (2) an estimate of the
caloric demand associated with each mgration path, and (3) integration of
(1) and (2) to provide an estimate of the energy reserves available for
spawning within a stock and the distribution of those reserves anong

i ndi vi dual s.

Volume 2 provides an illustrative exanple of nodeling upstream
m gration where energetic cost is represented in a sinple manner. Using
the nmodel provided, it is shown that fallback, fatigue, and fish behaviora
response to delay may play significant roles in deternmining the extent of
curmul ative hydrosystem inpacts on upstream mgrants.

Model s and Monitoring

A primary objective of a nonitoring systemis to maximze the
information gleaned froma fixed anmount of effort. A first step in
devel oping a nonitoring systemis the decision of which measurable
conponents or systemat tributes should be nonitored. Three quest ions nust
be considered: (1) which state variables are likely to change in response
to nanagement actions, (2) can these changes be measured, and (3) how do

these changes relate to overall program success. Mdels can assist in this
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process by identifying key variables that are indicative of system
behavi or. Model s can also be used to exam ne questions of sanpling error
and provide insights as to how a nmonitoring schene mght be structured to

reduce uncertainty in parameter estinmates.

During Phase Il, we have taken a prelininary |look at the problem of
monitori ng downstream passage. A report on the problenms of nonitoring the
outmgration which discusses the techniques currently being used and the
prospects of new technologies is included in Part | of Volume 2. A
critical problemin nonitoring the snolt nigration is that of sanpling
efficiency at the dams, i.e., knowi ng what percentage of the smolts passing
a dam are actually detected by sanpling devices. The probability of
survival estimtes produced using summary statistics turn out to be quite
sensitive to errors in estimating sanpling efficiency and there seems to be
no easy way to resolve this problem Consideration of the entire tine
series of passage data, rather than relying solely on summary statistics or
indices of central tendencies, nmmy provide nore reliable estinates of
survival, travel time, and sanpling efficiency. A conbination of new
sanpling technologies (e.g., PIT tags, hydroacoustics) and advanced
statistical techniques holds real promse in being able to address sone of
the problems that have plagued smolt nonitoring for many years. Realistic
simul ation nodels could provide guidance in the design of efficient

moni tori ng schenes.

Rel evance to the Power Planning Council’'s Mdeling Effort

A legitimate concern, expressed by sone in the Pacific Northwest, is
the conpatibility of RFF's biological nodeling effort with that directed by

the Council. Fromits inception, the effort expended at RFF has been
designed to be conplenmentary, rather than duplicative, of the npdeling work
compl eted under the direction of the Council. Qur tactic has been to

concentrate on areas where earlier efforts are perceived as being weak or
lacking (e.g., reservoir nortality, estuary and early ocean survival and
growth), to place less enphasis on areas which have received considerable
prior attention (e.g., downstream passage nortality at dams, juvenile
production), and to build on the modeling efforts of the Council and

ot hers.
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The differences between the nodels which are proposed in this report
and the current System Planning Mdel (SPM being used by the Counci
result principally from the circunstances under which each approach was
devel oped, and the intended use of the nodels. The nodel from which the
SPM was devel oped was designed in a two-part, five-day workshop on adaptive
managenment and the Colunmbia River Basin. This workshop served to introduce
participants to the concept of adaptive managenent, and for many as an
introduction to nodeling as well. The SPM has proven to be a useful too
for organizing information and in providing a systematic way of
hypothesizing the relative role of factors affecting fish production within
and anong subbasins, depending on the location of the subbasins. Gven the
expanded rol e envisioned for this model in ongoing subbasin and system
planning, it is important to look critically at the capabilities of the SPM
relative to the expectations being raised for its use. A brief review of
the current SPM and sorme of the linmtations of its use is presented in
Part 1.

Most of the material presented in Volume 2 concerns concepts in
modeling the fisheries of the Colunbia that are not explicitly addressed in
the SPM or any other existing nodel. The central distinguishing feature of
a hierarchical approach is the expanded scope and inproved resolution
offered by a suite of nodels versus a single nmodel. Specifically, the
proposed approach differs substantially from (and supplenents) earlier
approaches in the follow ng ways

The relatively fine tenporal and spatial resolution of the life-
stanza nodels should allow a closer inspection of potential
managenent impacts than do nost existing nodels (the FI SHPASS nmode
being a notable exception).

By integrating information from/!ower-level analyses, the system
| evel hierarchical nmodel should facilitate basin-wide anal yses that

are not currently possible.

- The proposed nodels include explicit representation of intrastock
heterogeneity, a key ecol ogical property.
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Increased reliance on nonlinear and probabilistic relationships
within the proposed approach provides a rich exposition of

managenent -fi shery relationships.

- Model s are to be devel oped such that calculation of costs are nade

possi bl e.

The narrowest differences may be between the current SPM and the
proposed life-cycle nodels. Since both are designed to sinulate the life
cycle of individual stocks, the SPM night be viewed as an excellent
prototype life-cycle nodel. One might expect to nodify the internal
workings of the SPMto make it nore conpatible with the overall design, but
many of the desirable features of the SPM woul d be naintained.

Concl usi ons

We believe a basis has been established for proceeding with the
application of the proposed nodeling approach to the Colunbia River Basin
in Phase IIl. This is necessary not only to lead to an inproved
understanding of the biological processes involved in mtigation, but also
it is an essential foundation for proceeding with the cost-effectiveness

anal yses proposed in Part Il of Volune 2.
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PART |1 - MODELS FOR COST EFFECTI VENESS ANALYSI S

Backgr ound

As indicated in the discussion of Part |, mmjor enphasis in the Phase
Il work was placed upon research aimed at a better understanding and
modeling of the biological aspects of the anadrompus fishery. This was
done since all efforts at nodeling of anadronpus fish mtigation nust be
based upon this basic ecological know edge. But another najor task of
Phase Il is to develop nmethods for assessing the cost-effectiveness of
alternative nitigation measures and for identifying systemwi de, |east-cost
managenent strategies for meeting biological objectives.

Therefore, it is necessary to build a simulation nmodel that explicitly
i ncl udes the ecol ogical system the hydrosystem (with its various hydro
projects, diversions, and operating procedures), and mtigation neasures,
including the costs of measures (both direct costs, such as fish bypass
facilities, and opportunity costs, such as foregone power to provide fish

flows).

Part Il deals vith mbdeling these aspects of the system first, with
an econom c-ecologic simulation nodel to account for both the biological
and nonbi ol ogi cal aspects of the system then with nore advanced, and nuch
more difficult, nodeling techniques that incorporate formal mathematical
search procedures designed to identify systenms-wi de, |east-cost nmanagenent
strat egi es. The latter methods are of intense interest in a problem of
this nature because, given that there are a |arge nunmber of possible
mtigation neasures in the system the possible conbinations soon becone
astronomcal and the possibility czf selecting a least-cost set by hunan
reasoning or intuition is renote. This does not mean, however, that the

' Consi der a small sinulation model in which there are 28 variables (an
actual water resource nodel may easily have many hundreds)., eagg of
which may be set at any one of three levels. There are then 3
possi bl e designs for the system This is approximtely 23 trillion.

If it takes 2 minutes of conmputer time to simulate each design, it
would require 100 nillion years to conmplete the sinulation. O course,
no one would attenpt a conplete enumeration of outcomes in a large
problem but this calculation does suggest the conplexities one faces.
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econoni c-ecol ogi ¢ sinulation nodel by itself would not be useful. | ndeed
we regard it as being the basic tool to be developed in the Phase ||
research and the |east-cost approach to be much nore in the way of an
important experinent. Wiy this is so will be explained later.

Simul ation of water resource systems has become rather common place in

wat er resource planning and nanagenment over the past generation. |ndeed,
several such models exist for the Columbia River Basin. Some of them are
reviewed in Part Il. In general, they are designed for specialized

purposes rather than for conprehensive fish mtigation planning. For
example, the Systens Analysis Mdel (SAM is directed specifically to power
pl anni ng and FI SHPASS is intended to sinulate downstreamnigration of
smolts. In contrast, the proposed econonic-ecol ogic simulation node
incorporates all mjor aspects of the system affecting anadromous fish
production. It explicitly incorporates ecological nodels that simulate the
nature of that subsystem (the set of nodels discussed in Part 1), and
proceeds in tinme steps suitable for |ong-range planning of mtigation
strategies. Therefore, inplenentation of the proposed econonic-ecol ogic
simulation nodel in Phase Il would not duplicate any other research in the
Paci fic Northwest, but it would incorporate information from existing

nodels to the extent feasible

We turn next to an overview of the econon ¢-ecologic sinmulation node
based on Part Il of the Phase Il report. It is inportant to keep in mind
that the following description is of a proposed nethodol ogy, not of an
exi sting nodel or nodels of the real Colunbia River system or any part of
it. Application of the nethodology is the task of Phase III.

Overview of the Econonic-Ecologic Sinmulation Mde

This model is conprised of four principal parts--a master contro
modul e, an hydrosystem sinmulation nodel, a fish production simnulation
model, and a cost evaluation nodel. The relationship amng these four

parts is shown schematically in Figure 4.
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Figure 4. Schematic Diagram of Econonic-Ecologic Simulation Mdel for
Cost -Ef fectiveness Anal yses
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The master control module controls and coordinates the other three
components of the econonic-ecologic sinulation nodel. Gven a particular
set of mitigation nmeasures to be simulated, this nmodul e determ nes and
assigns values for the managenent variables (variables that are related
directly to managenent options such as sizes of hatcheries) and it assigns
initial levels for the state variables (variables that describe the system
such as streanflows and the nunber of adult spawners of a particular stock)
in the hydrosystem simulation nodel and fish production sinulation nodel
This nmodul e al so organizes and reports the principal outputs of the
simul ation analysis--the levels of adult fish production and the costs of

produci ng those |evels.

The hydrosystem sinulation nodel nmimcs the unregulated flows in the
tributaries to the Colunbia and Snake rivers, the operations of the storage
projects in the U.S. and Canadian portions of the basin, the operations of
the run-of-the river projects including the flows and spills at those
projects and the generation of electricity, withdrawals of irrigation
water, and the regulated flows in the Colunmbia River systemto the estuary
bel ow Bonneville Dam  The fish production simulation nodel simulates the
production of eggs, the rearing of fry, the migration of snolts to the
estuary below Bonneville Dam the ocean and in-river fisheries, and the
mgration of adult fish up the Colunmbia and Snake rivers and their

tributaries to hatcheries and natural spawning areas.

The cost evaluation rmodel estimtes both the direct resource costs of
managenent strategies and the opportunity costs of those strategies. It
provides a time stream of future costs and it discounts future costs to
present values to enable conparisons of alternative managenent strategies.

Hydrosystem Simul ati on Mde

Hydr osystem sinul ation mobdels are used widely in cater recources
pl anning and managenment. There are two basic types. One type is called a
mass- bal ance nmodel. For this type, the tine step of the sinulation cannot
be shorter than the time it takes for a release of water from an upstream
reservoir to be noticed at the nouth of the river. A typical time step for
the mass-bal ance type simulation nodel is one nmonth. Thus, since
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streanflows in this type of simulation are typically analyzed and reported
as nonthly streanflows, the nmanagement variables and all the other state
variables in the sinulation have to conformto this tinme scale. This type
of hydrosystem sinulation nodel is used nost often for the design and

operation of storage reservoirs.

The other type of hydrosystem sinulation nodel is called a hydraulic
routing nodel. For this type, the tine step of the sinulation can be as
short as it needs to be to describe the particular phenomenon. A typical
time step for flood routing is one hour to several hours.

A mass-bal ance type hydrosystem sinulation nodel is proposed for the
next phase of the research. This decision is based on two principa
consi der ati ons. First, the econom c-ecologic simulation nodel is designed
to assist in long-term strategic planning and evaluation. It is not
designed to support short-term managenent or operational decisions. A
monthly time step for the hydrosystem sinulation should be sufficient to
assess long terminpacts on the anadronous fishery. Second, a mmass-bal ance
hydrosystem mobdel is considerably easier to build, but nevertheless
consunptive of nmuch effort, and certainly |less expensive, than a hydraulic

routing hydrosystem nodel .

The tine-step in the hydrosystem sinmulation nodel is then one nonth.
Average nonthly conditions are used to describe the essential features of
the hydrosystem such as levels of the storage reservoirs, streanflows,
water withdrawals for irrigation, and the production of hydroelectric
power, and average nonthly conditions are used to estimate costs and to

assess inpacts on anadronmous fish.

The principal inputs to the hydrosystem sinulation nodel are the
unregul ated nonthly streanflows, the initial reservoir levels at the
storage projects and pool levels at the run-of-the-river dans, and the
|l evel s of the hydrosys tem managenentvariables such as nonthly irrigation
water withdrawal s and the proportion of total nmonthly flows at each dam
that pass through the turbines, through the fish by-pass, and over the
spi 11-a;;. These inputs are provided by the master control nmodul e for each

systemwi de nitigation strategy anal yzed.
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The principal outputs of the hydrosystem sinulation nodel are the
monthly regulated streanflows in the basin, the average time of passage of
wat er through the reservoirs by nonth of year, and the nonthly flows at
each hydro project that pass through the turbines and the nonthly spills at
these projects that pass through the fish by-pass conduits and over the
spillways. These outputs are passed along to the fish production

simul ati on nodel

Fi sh Production Sinulation Mdel

Fi sh production sinulation nodels are not as well devel oped as water
resources (hydrosystem) sinulation nodels. This is due partly to the nore
conplicated biological relationships involved in fish production and
mgration, partly to the lack of data, and partly to the nore recent use of
quantitative mathenmatical nodels and conputers in the analysis of
ecol ogi cal systems. An approach to simulation nodeling of the production
of anadronous fish in the Colunmbia R ver system has been described in
connection with Part |. This set of nodels with necessary adaptations will

be used in the econom c-ecol ogic sinulation nodel

There are two groups of inputs to the fish production simulation node

from other parts of the economic-ecol ogical nodel. One group of inputs is
provided by the master control nodule. The other group is provided by the
hydrosystem sinulation nodel. The principal inputs fromthe nmaster contro

modul e are the levels of the management variables that pertain to the ocean
and in-river fisheries such as the nunber of fry or smolts that are

rel eased from hatcheries, the capacities of natural spawning and natura
rearing habitats, and the distribution of the ocean harvest, the in-river
harvest, and the adult fish that are permitted to spawn. The principa
inputs from the hydrosystem simulation nodel include the nonthly regul ated
streanfl ows throughout the basin, the average tinme of passage of water
through the reservoirs by nonth of year, and the nonthly flows at each
hydro project that pass through the turbines, through the fish by-pass

conduits, and over the spillway.
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The principal outputs of the fish production sinulation nodel are the
| evel s of adult fish production neasured by the nunber of adult fish that
are harvested in the ocean, the number that are harvested in the river, and
the nunmber that are permitted to spawn, for each year in the planning
period and for each stock considered in the analysis.

Cost Eval uati on Mbdel

The cost evaluation nodel estimates both the direct resource costs and
the opportunity costs of all fish mtigation neasures considered in the
anal ysis, organizes these costs by the year that they are incurred, and
computes the present value of the tine stream of costs for each mtigation

strategy.

Economic Criterion and Costs

Some further words about the economic criterion to be used may be
useful. The econonmic criterion specified for npdel devel opment and
anal ysis by BPA in the agreement between BPA and RFF is “cost-
effectiveness”. This has been defined operationally for purposes of node
desi gn and devel opment to include three kinds of analyses: (1) assessnent
and conparison of the costs of a set of prespecified fish nitigation
strategies that achieve the sane |level of effectiveness (level of adult
fish production), (2) an assessment and conparison of the costs and levels
of adult fish production of a prespecified set of fish mtigation
strategies that achieve different levels of effectiveness, and (3)
identification of the nobst cost-effective systemw de (or subsystemw de)
managenent strategy for achieving a particular biological objective
subject to a set of administrative, legal, and political considerations

i mposed on the anal ysis.

Econom c costs are defined as changes in total social costs due to
i npl enentation of a particular nanagenent strategy. In practice, costs are
measured as changes in the sum of the direct and indirect costs due to the
primary effects of a set of protection, mtigation. or enhancenent
measur es. Thus, costs are measured relative to conditions that are
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projected to exist in the basin throughout the 20 year planning period
with and without the fishery managenent strategy in place

The costs included in the analysis are those that are incurred in the
U S. and Canadian portions of the basin. For some anal yses, the
opportunity costs of reductions in the ocean harvest nmay also be included
(see the discussion of Part |1l below). Changes in the operations of the
storage projects in the Canadian portion of the basin are assumed to be
part of the cost-effectiveness analysis, although the operations of these
projects could be fixed at current levels if this alternative is not a
viable one. (The Colunbia River Treaty with Canada is subject to
renegotiation in 1995.) In conparing the costs of alternative managenent
strategies, costs that occur at different times in the analysis wll be
presented both as a stream over time and as discounted present val ues.

As indicated earlier, tw types of economc costs are considered in
this analysis. The first type is the direct resource costs of the fish
mtigation nmeasures, such as the capital, operating and naintenance, and
| and costs of fish hatcheries, collection and transportation equipnment used
to transport smolts around dams, and adult fish |adders.

The second type of economic cost is the indirect resource costs of
fish mtigation alternatives, referred to as “opportunity costs”
associated with changes in the operation of the hydrosystem for the benefit
of anadronous fish. Exanples include the econonic |osses associated with
withdrawing water from hydroelectric production and possibly, by nmeans of
purchase of water rights, fromirrigated agriculture to inprove reservoir

and dam passage. Part Il contains an extensive discussion of both
conceptual and enpirical issues with respect to estimating these two types
of opportunity costs. Part Ill, to be discussed shortly, presents a

conprehensi ve anal ytical approach to estimating the opportunity costs of
increased, or nore effective, regulation of ocean fisheries.

W turn nowto the problemof identifying the systemride or subsystem

wi de |east-cost managenent strategy.
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Approaches to the Least-Cost Analysis

As indicated, there are basically tw approaches to attenpting to
identify the set of least-cost mtigation nmeasures for a specified
bi ol ogical objective. The first approach is the scenario, or sinulation,
appr oach. In this approach, a set of managenent options called a scenario
is specified conpletely. There are no choice variables in the analysis.
The analysis involves sinulating the effects of the scenario and assessing
the outputs of interest--the total systemw de cost of the set of
mtigation measures, the nunber of fish reaching maturity in the ocean, and
the nunber of adults of a particular stock escaping the ocean fishery and
returning to the Colunbia River to be harvested or to spawn. A nunber of
scenarios are devel oped and analyzed, and the outputs of interest are
conpared. The scenarios are ranked according to the economc criterion
adopted for the analysis, in this case the mninumtotal cost of neeting a
target level of adult fish of a particular stock or set of stocks. In this
approach, identification of the set of |east-cost nmeasures is not
guar ant eed. In fact, as also already indicated, because of the abundance
of possible alternative measures, identification of the |east-cost set
woul d be highly unlikely.

The scenario approach is relatively straightforward from a
conputational perspective. For the nost part, as already explained, this
approach involves integrating various simulation nodels (e.g., cost,
hydrosystem and fish production sinulation nodels) and applying standard

princi ples of engineering econony.

Because the sinmulation approach is unlikely to identify the set of
| east-cost mitigation measures, a second approach , mathematical
programming (e.g., linear progranming, mixed-integer |inear programm ng,
and nonlinear programming), invites consideration. In this approach, the
particular trial alternatives to be assessed are not specified a priori.
Rather, the progranming nmodel is used to make a fornal organized search for
that conbination of potentially available fish hatcheries, 1levels of
enhancenent of natural spawning and natural |-earing habitats? operations of
hydro projects, streanflows, and other nitigation nmeasures that can satisfy
the least-cost criterion, subject to lints such as those on power
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requirenents and water availability, legal requirements, etc. (called
constraints). In principle, if the nodel is properly structured, this
assures that a least-cost solution will be found from anong those pre-

specified neasures available to the nodel.

In addition to differences in the computational conplexity of the
mat hemati cal progranmm ng and simulation nodeling approaches, there may also
be differences in the accuracy of their outputs. Because nmthematica
programming nodels tend to grow large in size (neasured by the nunber of
managenent and state variables and by the nunber of constraining
relationships) and thus to become difficult to manage and in sone cases
“unsolvable”, sinplifying assunptions are often required. These
sinmplifying assunptions can affect the accuracy of the results obtained

fromthese nodel s

Assunptions nade to reduce the size of mathematical programming nodels
are generally not required of simulation nodels. Thus, simulation nodels
are able to provide nore accurate assessments of the costs and ecol ogic
inmplications of particular mitigation neasures than programm ng nodels
Therein lies the dilemma. Simulation nodels are able to provide nore
accurate assessments of the costs and the fish production inplications of
particular nitigation neasures, but they are weak in their ability to
identify the set of |east-cost neasures. Mathematical programm ng nodels
are designed to identify the least-cost set of neasures, but due to the
sinmplifying assunptions that are generally required, they do not mnic
reality with the fidelity of sinulation nodels. Although each approach has
desirable features, neither is entirely satisfactory for the needs of the
Columbia River Basin fish mtigation analysis. This suggests a conbination

of the two approaches.

Perhaps the best way to viev mathematical programming for |arge
conpl ex economni c-ecol ogi ¢ systems such as fish production in the Col unbia
River Basin is as a “screening” device to assist in identifying a candidate
set of technically feasible managenent strategies with desirable cost-
effectiveness properties. This set of strategies can then be sinulated
using the nore detailed economic-ecologic similation nmodel. The latter
will provide nore accurate estinmates of the mitigation costs and nore
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accurate estimates of the fish production inplications of the various
mtigation strategies, but may also show that the candidates identified in
the screening do not withstand nore accurate analysis. In that case, an
iterative procedure between the two approaches nay have to be devel oped

These considerations led us to search for a suitable analytica
framework for |east-cost analyses. For large scale applications such as
this, the nost desirable nodel structure from a conputational perspective
is a linear programming (LP) nodel. This is an elegant mathematica
structure for solving least-cost problems and is very efficient for finding
optimal (e.g., least-cost) solutions. In order to be able to use linear
programmi ng, though, all the cost functions and all the constraining
rel ationships nmust either be linear or be approximted by |inear segnents.
That nmeans that none of the variables in the nodel can be multiplicative
with other variables. An inportant exanple of a non-linear relationship in
the present context involves electric power production from a variable head
hydro project. Power is the product (in the nathematical sense) of the
hydraulic head and the flow through the turbines. Thus, a nodel involving

variabl e head hydropower production cannot be a linear nodel

In the typical |east-cost problem it is not always possible to
approximate all the nonlinear relationships with linear segnents. The
power - head rel ationship is such an instance. Therefore, it is not always
possible to use linear progranmng. However, it is sometinmes possible to
use a technique that introduces integer variables to elimnate the
remai ning nonlinear relationships. This requires the use of mixed integer
l'inear progranming, the next nost desirable nmpbdel structure for large scale
applications; one, however, that is mathenatically nuch nore conplicated
and conputationally much nmore demanding than linear programming. In this
case, then, the nunber of integer variables becones a practica
consideration along with size (characterized by the total nunber of
variables and the total number of constraining relationships) in rea
appl i cations. If mixed integer linear programmng cannot be used. it ma:;
be necessary to use nonlinear programming. This is the |east desirable
model structure for large scale applications. Nonlinear programming nodels
typically consune large anounts of conmputer time and they do not guarantee
identifying the “global” (as opposed to “local”) |east-cost strategy.
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The approach used to identify the structure of the |east-cost nodel in
this Phase Il research was, first, to establish priorities for the
structure of the nodel and, second, given these priorities, to investigate
what was possible. The following priorities were established for the
structure of the nodel: l|inear progranm ng nodel, mixed integer |inear
programming nodel, and nonlinear programming nodel, in that order. Thus
the approach taken assumed a l|inear programmng structure and proceeded to
determine if that structure could accommodate the physical and biological
processes associated with fish life-cycles and with the management of water
resources in the Columbia River Basin. This required developing all the
relationships in the nodel to determne if they were linear. For those
relationships that were not linear, it required specifying the assunptions
that were necessary to linearize the (nonlinear) relationships or to
elimnate the nonlinear relationships altogether. In those cases where it
was not possible to linearize a particular nonlinear relationship,
consi deration was given next to the use of integer variables to elimnate
that nonlinear relationship. This process convinced us that m xed integer
programming for the problem at hand might be feasible and that further
devel opment of it was warranted

The mxed integer linear programmng nodel is described by “nodule”.
A module is defined as a set of activities performing simlar functions.
There are seven nodules in all. The first three nodules pertain to the
hydrosystem  They are called “storage”, “hydropower”, and “irrigation”,
respectively. The last four nodules concern the fish life-cycle. They are
snmol t product ion”, “smol t mgration”, “ocean harvest and survival”,

“

cal l ed
and “upstream migration of adults,” respectively. The last four nodul es
depend to a large extent on the outputs of the first three

In addition to being divided functionally into nodules. the |east-cost
model is also divided tenporally into time periods. The overall tinme
horizon for the nodel is fifteen years, for the follow ng reasons. It is
known that many stocks, especially the wild upstream stocks, are severely
depleted in comparison to their historical levels fort:; to fifty years ago.
Because of the nmany obstacles they face, including habitat linitations for
spawni ng and rearing, downstream passage of snolts, ocean harvest, and
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upstream passage of potential spawners, it seens probable that it will take
several generations for runs of these stocks to return to acceptable

levels. Therefore, in principle at least, it is necessary to nodel the
l'ife-cycle of stocks for twy, three, or nore generations, of two to five
years each (from spawning to returning adult spawners), in order to
identify the nmitigation nmeasures and the |evels of those neasures that will
be needed over the conming years to return stocks to acceptable |evels. As
discussed in Part Il, this poses a considerable challenge for existing

mat hemati cal programm ng al gorithnms and conputers.

The planning period in the nodel is divided into one year segments.
Each year is further divided into twelve months. This |evel of
di saggregation is needed in order to reflect tenporal variability in the
hydrol ogic cycle, in the demands for electricity and for irrigation water
in storage requirenments at the storage projects, and in salnmonid life-
cycles and migration. VWile it mght be desirable from a conputationa
perspective to collapse the nodel into fewer years and fewer “nonths” per
year, reducing the tenporal resolution would invariably reduce the accuracy

of the results.

The nmodel that emerged fromthis effort is unique and reflects a truly
major effort in Phase Il to come to grips with the feasibility of
devel oping a |east-cost programming nodel. Qur investigations so far |ead
us to believe that “deconposition” procedures present a pronising approach
to the otherw se probably intractable problem of nmpdel size. W believe
that an experinental application of the nixed integer nodel to an actua
subbasin should be attenpted in the next phase of the research. W say
more about this in the last section of this summary report where we address

the natter of approaches to Phase III.

As already indicated, Part Il contains an extended discussion of
conceptual and enpirical problenms involved in estimating the opportuni ty
costs of certain fish mitigation measures. The focus is on foregone
hydropower and changes in the consumptive use of water in irrigation. Part
[11, to which we now turn.does the same for- regulation of the ocean

fishery
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PART 111: OCEAN FI SHERI ES MANAGEMENT

Backgr ound

As nentioned in the introduction to this summary volume, one of the
more inportant factors in reducing upstream runs has been the devel opnent
of a large ocean fishery that intercepts adult fish before they can return
to the river. For reasons that will be expanded upon later, this fishery
is also very economcally inefficient. These factors suggest that inproved
regul ation of the ocean fishery could be an inportant nitigation option
with respect to the upstreamruns and the productivity of the fishery in
general. To conpare this alternative with the cost of other options, as
explained in Part Il, it is necessary to compute the opportunity cost or
net val ue foregone when ocean fishing is restricted or other regulatory
measures are put in place. Before getting into the question of appropriate
met hods and data for analysis of this issue, however, a bit of fishing

history will provide useful background.

Wi le native Anericans had fished the Colunbia River since “tine
imenorial” as the treaties say, their fishing appears to have been fairly
well in balance with the productive capacity of the river. Early
nineteenth century settlers of European origin began to fish the river, but
around 1865 a nore inportant devel opnment affecting and continuing to affect

the fisheries occurred.

At that time, salnmon canning was introduced and al nbst overnight
Col umbia River salnmon products were sold in worldwi de trade. These were
products ranging from luxury high priced itenms to low cost food for factory
workers in England. At this point, in response to the apparent narket
potential, new fishing technologies were introduced. This involved
gillnets, seines, fishwheels, and fishtraps. As a result, catches of

sal mon increased substantially.

Estimates are that by 1999, there were 2,800 gillnetters operating on
the river. The Colunbia River Fishermen’s Protective Association was
formed to advance the interest of the gillnetters. The nenbership of this
union was restricted; the neetings were |engthy and closed to non-nenbers.
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Menbership requirenents for this association included the exclusion of
l'iquor dealers, capitalists, |awers, and politicians. Union strikes were
frequent and snag vessels were used to elimnate the equi pnent of
nonparticipants and of fishernen other than gillnetters. The gillnetters
made many efforts to pass legislation to elimnate other forns of fishing.
To this point, however, they had not been successful.

In 1902, the stage was set for further changes. Voters in Oregon
passed a constitutional amendment to provide for statewide initiatives and
r ef er enduns. As a result,the people of the State of Oegon could actually
both make and veto laws. Through this process, the gillnetters, wth
backing fromthe Grange, the Oegon Federation of Labor, and the Oregon
Fi sh Conmmi ssion, placed |aws on the books designed to elinmnate fish-
wheels, fish-traps and forns of fishing other than gillnets. This was done
even though fish-wheels and fish-traps are efficient methods of taking

sal non.

The inportant point here is that the gillnetters were able to win this
battle for the fish in the Columbia River prinarily because, in nunbers,
they were the largest group. This, unfortunately, is just the opposite of
what might have been nopst desirable from the standpoint of efficient use of
a common property or open access resource. That is, a large nunber of
fishermen, using a relatively inefficient harvesting technique were now the
primary harvesters of the Colunbia River sal mon resource.

As nore and nore restrictive legislation and regulations were passed
governing the use of the salnobn stocks on the river, an inportant
t echnol ogy devel opment occurred which caused ocean fishing to becone
technically feasible. The gasoline engine was devel oped to the point where
it could be adapted for fishing vessels. This started a substantial nove
out beyond the mouth of the Colunbia River into the ocean for sal non
fishing. A primary purpose was to escape fromthe restrictive regulations
regardi ng gear and other activities on the River. The of f-shore fishing
technique (trolling) is also inefficient when conpared to possible river

met hods such as fish-wheels or traps.
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Therefore, the Colunmbia River salnon conmercial operations in the
river (gillnetters) and off-shore (trolling) evolved to the present day
situation. Since the early 1900s to the present tine, the Colunbia River
based fisheries have been affected by expanding fishing effort and the
imposition of a nultitude of complex fishing regulations. This situation
along with various other factors (e.g., |ogging, dams, pollution, and
fishing by foreign fleets) were the inpetus for the devel opnment of a nunber

of attenpts to inprove the sal mon managenent schene.

An inmportant chapter in the history of salnon nanagement began in 1976
with the passage of The Fishery Minagenent and Conservation Act. This Act
was passed for the purpose of attenpting to rationalize domestic fishing
effort and (probably primarily) to control foreign fishing within two
hundred mles of the U S. coasts. Regional Fisheries Mnagement Councils
were established to carry out the requirements of the Act. Included anong
the eight councils was the Pacific Regional Fishery Minagement Council
which has the responsibility for managing, anong other species, the salnon
stocks that are exploited off the coasts of Oregon, Washington, and
California. There has been considerable controversy regarding the Councils
and their effectiveness. Certainly, the managenent of sal non under the
Council is conplex and difficult. One reason is that the Council has no
genuine authority within the three-nile territorial sea. These areas are
under the authority of the state managenent agencies. Therefore,
consi derabl e coordination, cooperation and conpronising has been necessary
in order to develop the Fishery Mnagerment Plans that now control the
harvesting of salnmon stock off the coasts of three states.

The managenent of Colurmbia River salnon is also conplicated because of
the ocean migratory pattern of the stocks. The Chinook, for exanple,
mgrate as far north as southern Alaska. This means that the Col unbia
Ri ver Chinook and Coho are intermxing with other sal mon popul ations and
species up and down the coast. The harvest in a particul ar area,
therefore, will generally include individual fish from a nunber of
different populations. Interaction among these populations in a given
fishing area represents a conplication in the managenent process. That is.
if one stock is relatively weak (small in numbers) while another stock is
strong, normal fishing on the strong stock may tend to over-fish or even
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elimnate the weak stock. The sane is true, of course, Wwth respect to
wild and hatchery stocks. \Wen nmany hatchery fish are stocked in the
river, they intermix with less abundant wild fish. The allowable harvest
on the hatcher:; stocks can result in serious over-fishing and further

declines in the wild stocks. In practical terns, what this means is that
heavy fishing off the coasts of British Colunbia and Southern Al aska has
i mpacted on the Columbia River stocks, especially Chinook. It has been

difficult for fishery managers to attain an effective agreenent to reduce
fishing on the Colunmbia River stocks in the northern areas because reducing
the allowabl e harvests of Colunbia Chinook stocks neant a substantial
reduction in the harvest of Alaskan and Canadian stocks. This was
especially conplex because the agreenent of both the Canadian fishery
managenent agency and the agencies involved in the A askan fisheries was
essenti al . Each woul d not agree, however, without assurances that if
fishermen in their area were restricted, fishermen in the other areas
woul d |ikewi se be restricted. This is inmportant because half or nore of
the fish originating in the Colunmbia River are caught off the coasts of

Canada and Al aska.

However, in the md 1980s a treaty was signed between Canada and the
United States that nay make effective regulation of the Pacific sal non
fisheries possible. The previous lack of an enforceable agreenent relative
to the Canadian and Al askan catch of Columbia River stock made any rational
mtigation or enhancement plan inpossible. Now, however, wth the treaty,
and the possibility of establishing appropriate harvest restrictions off
the coasts of Canada, Alaska, California, Oegon, and \ashington, it should
be possible to develop regulations that will enhance upstream runs as
sal mon stocks are increased. This possibility makes inproved understanding
of the econonics of the ocean fishery especially inportant.

How to Model the Ccean Fishery

The approach adopted to pursue a better understanding of the econom cs
of the ocean fisheries is to first specify a nmodel of the fisheries. Various
specific costs and benefitsf fom alternative ocean fishery managenent
approaches, and econom c inpact studies, are then keyed to the nodel. The
issues as to the type of nodel that would be nost appropriate, sinulation
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versus optinzation (mathematical progranmmng) are generally simlar to
those discussed in connection with Part |1. In this regard, nathematica
programming offers a potentially attractive way to nodel the bioeconomni cs
of the ocean fishery for salnon, and provides a nmeans to explore the effect
of different nanagement alternatives on these relationships. Some of the
advantages of a mathenmatical progranm ng approach include: (1) it has the
potential capability of handling large variable sets and provides a neans
of exploring the tradeoffs between ocean and in-river harvest and exani ning
the economc inpacts of changing ocean harvest practices; (2) it provides
the opportunity to incorporate a detailed nodel of the ocean fishery
integrally into the programming nodel discussed in connection with Part 1]
or to link it nore |oosely, via adults produced and returning fish, to the
ecol ogi cal -economi ¢ simulation nodel; and (3) it does not preclude the late
ocean life stanza simulation nodel discussed above in connection with Part
. Indeed the two conplenent each other since exercising the latter can be
the basis for providing inmproved inputs for the former. Unfortunately,

mat hemati cal programming offers only linited opportunities to consider
stochastic elenents of the fishery problem

Policies developed to change recruitment or escaperment are likely to
require a detailed representation of the types of salmn present in the
ocean fishery. Such policies are likely to focus on enhancement of wild
stocks and on increased releases of hatchery stocks. Thus, the spawning
source needs to be distinguished in a salnmon fishery nodel. Managenent
prograns also will be concerned about popul ation differences anong rivers
Hence, spawning location and species conposition becone inportant. The age
and size of salnon also are inportant: policies that increase fishing in
the lower Columbia River will, for exanple, increase the catch of ol der
| arger salnmon relative to policies which encourage off-shore fishing
G ven such policy options, salnon would need to be distinguished by

spawni ng source, spawning |location, species, and age or size

Faced with so many attributes, honpgeneous variable definitions can be
obtai ned only by defining large variable sets. Suppose, for exanple,
sal mon subpopul ations are defined for six ages, two species, two spawning
periods, five spawning |ocations, and twelve successive runs or cohorts.

1,440 variables would then be required to conpletely describe the sal nmon
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elimnate the weak stock. The sane is true, of course, Wwth respect to
wild and hatchery stocks. Wien many hatchery fish are stocked in the
river, they internix with less abundant wild fish. The allowable harvest
on the hatchery stocks can result in serious over-fishing and further

declines in the wild stocks. In practical terns, what this neans is that
heavy fishing off the coasts of British Columbia and Southern Al aska has
i mpacted on the Colunbia River stocks, especially Chinook. It has been

difficult for fishery managers to attain an effective agreenent to reduce
fishing on the Columbia River stocks in the northern areas because reducing
the allowabl e harvests of Colunbia Chinook stocks neant a substanti al
reduction in the harvest of Alaskan and Canadian stocks. This was
especially conplex because the agreement of both the Canadian fishery
managenent agency and the agencies involved in the A askan fisheries was
essenti al . Each woul d not agree, however, without assurances that if
fishermen in their area were restricted, fishermen in the other areas
woul d |ikewise be restricted. This is inmportant because half or nore of
the fish originating in the Colunbia River are caught off the coasts of

Canada and Al aska

However, in the nid 1980s a treaty was signed between Canada and the
United States that nay make effective regulation of the Pacific sal non
fisheries possible. The previous lack of an enforceable agreement relative
to the Canadian and Al askan catch of Columbia River stock made any rationa
mtigation or enhancenment plan inpossible. Now, however, wth the treaty,
and the possibility of establishing appropriate harvest restrictions off
the coasts of Canada, Alaska, California, Oegon, and \ashington, it should
be possible to develop regulations that will enhance upstream runs as
sal mon stocks are increased. This possibility nmakes inproved understanding
of the econonics of the ocean fishery especially inportant.

How to Model the Ccean Fishery

The approach adopted to pursue a better understanding of the econom cs
of the ocean fisher:; is to first specify a nodel of the fisher:;. Various
specific costs and benefits from alter-native ocean fishery managenent
approaches) and economic inpact studies, are then keyed to the nodel. The
issues as to the type of nodel that would be npst appropriate, sinulation
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versus optimzation (mathenatical programring) are generally sinilar to
those discussed in connection with Part II. In this regard, mathenatica
programming offers a potentially attractive way to nodel the bioeconomn cs
of the ocean fishery for salnon, and provides a nmeans to explore the effect
of different nanagement alternatives on these relationships. Sonme of the
advantages of a mathematical programing approach include: (1) it has the
potential capability of handling |arge variable sets and provides a neans
of exploring the tradeoffs between ocean and in-river harvest and exam ning
the economic inpacts of changing ocean harvest practices; (2) it provides
the opportunity to incorporate a detailed nmobdel of the ocean fishery
integrally into the programming nodel discussed in connection with Part 1]
or tolink it nore loosely, via adults produced and returning fish, to the
ecol ogi cal -econom ¢ sinmulation nodel; and (3) it does not preclude the late
ocean life stanza simulation nodel discussed above in connection with Part
. Indeed the two conplement each other since exercising the latter can be
the basis for providing inproved inputs for the former. Unfortunately,

mat hemati cal programming offers only limted opportunities to consider
stochastic elenents of the fishery problem

Policies developed to change recruitnent or escapenent are likely to
require a detailed representation of the types of salmn present in the
ocean fishery. Such policies are likely to focus on enhancement of wild
stocks and on increased releases of hatchery stocks. Thus, the spawning
source needs to be distinguished in a salnmon fishery nodel. Managenent
prograns also will be concerned about popul ation differences amng rivers
Hence, spawning |ocation and species conposition become inportant. The age
and size of salnon also are inportant: policies that increase fishing in
the lower Colunbia River will, for exanple, increase the catch of ol der
larger salnmon relative to policies which encourage off-shore fishing.

G ven such policy options, salnmon would need to be distinguished by

spawni ng source, spawning |location, species, and age or size

Faced with so many attributes, honpbgeneous variable definitions can be
obtained only by defining |arge variable sets. Suppose , for exanple,
sal non subpopul ations are defined for six ages, two species, two spawni ng
periods, five spawning |ocations, and twelve successive runs or cohorts.

1,440 variables would then be required to conpletely describe the sal non
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fishery's population. Mathematical progranm ng nodels have the potenti al
to consistently evaluate such large sets of variables.

As explained in connection with Part Il, when a large nunber of
variables is defined, sinulation and mathematical programrng gain
prominence in the list of possible nmbdelling approaches. Sinulation offers
a positive ad hoc approach which can include stochastic elenments.
Identification of good or better solutions is, however, often a matter of
j udgenent . Mat hematical programming is a normative determnistic approach
in which an explicit objective function is specified, and solutions are
unanbi guously ranked according to a particular criterion. The explicit
obj ective function provides the necessary foundation for the conputation
and interpretation of “shadow prices” for the uncaught salnon. These
values are a key benefit of the nathematical progranming alternative
because they indicate the marginal value of relaxing a constraint, for
instance, the value of pernmitting an extra day of fishing.

Al t hough shadow prices are one of the nost valuable results froma
programming nodel, they are only one of several potential outputs. A
mat hemati cal programm ng nodel of the ocean salnon fishery would determne
whet her a set of escapenent goals could be attained when recruitment and
catch are at particular levels. It would provide a profile of an optinum
harvest, and could show how this harvest would be affected by various
controls on fishing effort or intensity. The mobdel could also be used to
isolate the effect of changes in recruitment levels on the nunber and type
of sal non caught, the value of the fishery, and the number of sal non
escaping to the river. W believe this set of potential results is rich
enough to justify consideration of a mathematical programmng formulation
of the ocean fishery in Phase Il

In furtherance of this goal, a detailed nathematical formulation of a
programmi ng approach is presented in Pal-t IIl. It includes consideration
of both linear and non-linear programming nodels. The l|inear approach
would fit neatly into the total system nodeling approach discussed in Part
[1, if it were desirable to include it, while adoption of a non-linear
ocean fishery nodel would present conplications that would have to be
exanmined in Phase I1I1.

45



| mpl ementations of either nodeling approach would need to assign
econonic values, W th respect to ocean fisheries, to changes in salnon
stocks. Determining these is in itself a major research undertaking and we
turn next to a brief consideration of approaches to these problens.

Val ui ng Changes in Sal non Stocks

Assessnent of the econonmic benefits from actions which change sal non
stocks should account for the gains and losses to individuals in their
roles of consumers, producers and resource suppliers. The centra
objective of estimating such benefits, to repeat, is to obtain opportunity
cost values for regulation of the ocean fishery conparable to the
opportunity cost of foregone power and reduced irrigation, and to the
direct cost of other nitigation alternatives for increasing the upstream
runs. W do not intend to estimate benefits of the river fishery in this
project since quantitative biological goals are to be set for stocks and
geographi cal areas of enphasis by the Regional Council

The notion of economc benefits includes the concepts of producers
surplus and rents to resource suppliers, that is the returns over and above
the costs of doing business. Consumer surplus is anal ogous, representing
the difference between the nmaxi num anount of noney an individual would be
willing to pay and that which he nust pay in the market to enjoy the use

and consunption of a comodity.

These two concepts can be applied equally well to the comercial and
recreational salnmn fishing sectors. The benefits from increasing sal non
available to the comercial sector (or the losses from reduced sal nmon
stocks) will include the change in surpluses to fishernmen, processors,
retailers, and the ultimate consumers. O ten, these can be deduced from
information on aggregate demand and supply in the sal non narket,
infornmation typically available as a consequence of narket transactions
The specific application of the surplus concepts to the commercial sector
and the problens which arise in enpirical measurement are discussed in

detail in Part I11.
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The recreational sector presents a greater conceptual and enpirical
challenge. The benefit neasure (changes in consumer surplus or
wi | lingness-to-pay) is applicable to recreationists. However, there is no
clearly defined market as in the comercial sector. The nature of the
recreational experience further complicates the research. The
recreationist is consuming a conmodity which is nore than just sal non; he
is consuming a recreational fishing experience which is enhanced by
i ncreased sal non catches. \When the conmodity in question is not marketed
individuals' surpluses (or -wllingness-to-pay) cannot be cal cul ated from
mar ket demand functions, and standard techniques for approxinmating this
wi | lingness-to-pay neasure using market data cannot be enpl oyed.

When no narkets exist for the commopdity the researcher can choose
be tween two approaches. One can identify markets for related goods, making
indirect calculations of wllingness-to-pay, or one can ask individuals
directly what their willingness-to-pay would be. The various approaches,
together with their strengths and weaknesses, are also discussed in
Volume 2. Wile in general a preference is expressed for indirect nethods
because they are based on actual behavior, final determnation of a
met hodol ogy to be followed for benefit estimation would be made in Phase

Determnation of Econonmic |npacts

Wiile the net benefit type of analysis first discussed is appropriate
to anal yses aimed at econonic efficiency and cost effectiveness, |ocal and
regional interests will also (or only) care about |ocal income and
enpl oyment inpacts. In general, approaches measuring economic impact can
be made through econom ¢ base nethods, input-output nodels, and the
adaptation of input-output nodels to include econonetric functions.

The foundation of the regional econonmic inpact studies involves
anal yses that relate output of industries in the area or region in question
with inputs needed to produce the output. The use of this information
permts the determnation of how all outputs and inputs will be affected by
a change in one output (e.g.. fish). The total effect of the change after
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the adjustnents take place can be determned for the value of output,
inconme |evel and |abor requirenents.

Part 111 contains a detailed discussion of the nodifications needed in
standard input-output analyses to nake it suitable for regional econonic
i mpact analysis in the Pacific Northwest.

Concl udi ng Conment s

A research program to inplenent the ocean harvest research discussed
in Volume 2 would be large. The reward, however, would be the first
conprehensive study of the economcs of nanaging the Colunmbia River ‘based
ocean fishery. Untold dollars have been spent on partial studies of
limted utility that tend to serve particular purposes but then to
di sappear into the pages of journals and specialized reports. \What would
be required for the proposed Phase Il research is a joint effort of
various agencies and universities in the region. Thus, even if BPA were to
provide substantial funding, a major collaborative effort would be required

to bring off the full effort.
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COWENTS ON THE PHASE || DRAFT REPORT

The Phase |1l draft report was released for public comrent in February
1988. The draft report consisted of four parts: a Sunmary Report; Volune
|, Mbdeling the Anadronous Fisheries of the Colunbia River Basin; Volunme
1, Economic-Ecol ogical Mdeling for Cost-effectiveness Analysis of
Mtigation Alternatives; and Volume |11, Ccean Fisheries Harvest
Managenent. The draft Summary Report was nmiled to over 200 individuals
representing a broad spectrum of interests. Fewer copies of the technical
volumes were distributed but they were made avail able upon request. Around
50 copies of each of the technical volunes were sent out for review
Witten coments were solicited fromthose receiving the reports. In
addition, public meetings were held in Portland, Oregon, and Seattle,
Washington, on March 3 and 4 to allow those receiving the reports an
opportunity to ask questions and make oral comments on the draft report.
Total attendance for both neetings was approximately 50 persons (Appendix

A.

A considerabl e nunber of comments were received, nostly oral. The
nature of the comments reflects the regional significance of this work and
the diverse opinions and interests of the various groups in the Pacific
Northwest. The comments that were received may be broadly classified into
three categories: (1) those which do not support further research of this
type by RFF or BPA, (2) those which support further research but have
techni cal questions about the ecological nodeling approach which has been
proposed, and (3) those which support the research but question the types
of econonmic anal yses which have been proposed. Qur response to these
concerns is expressed below. It is aimed mainly at the witten conments
(Appendix B); to a large extent these comments nirror the oral coments
that were received

Justification for Further Research

Two major objections were raised by those who opposed further research
of the type described in the Phase Il Draft Report. For sone, the research

is seen as being duplicative of other ongoing efforts in the region
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QO hers view the research as being beyond the level that is needed to

provide information for regional decision naking.

Wil e these issues are addressed in various places of this report the
main points are reviewed briefly here. In the ecological nodeling reported
in Part | of Volume 2, the orientation was to enphasize parts of the system
which had little research attention in previous efforts. Also an effort
was made to design nore detailed nodels of the various |life stanzas than
are available otherwise. For exanple, nodeling approaches were proposed
for reservoir nortality and for estuary and early ocean growth and
survival, and probabilistic nodeling approaches to all elenents of the life
cycle were explored in detail. The level of detail of the proposed nodels
is necessary if the biological effects of particular mtigation neasures or
sets of neasures are to be sinulated. Furthernore, existing nodels have
little or no capability to assist in the analysis of the cost-effectiveness
of particular neasures or sets of measures, especially on a systemide,
full life-cycle basis. Accordingly, as explained in Part IIl, non-
bi ol ogi cal aspects of the systemnust be included in the nodeling; for
exanpl e, hydropower and irrigation opportunity costs, as well as costs of
mtigation structures and their operation. This need is the basis for the
proposed simulation and optim zation approaches discussed in Part |1, which
in turn are built upon the biological approaches and understanding

represented in Part |.

Ecol ogi cal Mbdeling |ssues

A nunmber of those commenting on the draft report were supportive of a
systematic effort to develop analytical nethods for assessing the potentia
impacts of alternative nmitigation strategies on fish production. The
proposed hierarchical structure for nodeling the salnmon and steel head
fisheries received several favorable coments. Quest ions were raised
concerning (1) the extent to which existing nmodels could be incorporated
within the proposed structure, (2) whether there are sufficient data to
support the types of nodels which are proposed, (3) the appropriateness of
specific assunptions that were made in building the exanple nodels, and(4)
how such nodels woul d be used i n maki ng nmanagenent deci sions.
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In response to these concerns, it nust be understood that further
devel opment of the biological nodels will require a coordinated regional
effort. The purpose of the Phase Il research vas to lay out a blueprint
for the types of nodels that are needed and how they m ght work in concert.
A conprehensive system of working nmodels of the Columbia River system has
not been devel oped. Regional scientists and managers have the system
experience and the information available to them that is necessary to
characterize the system and put in place an analytical system which
includes an integrated suite of biological nodels. RFF can help provide
the technical expertise that is necessary to assenble such a system but
cannot proceed alone. A substantial portion of this new system should be
wrought fromexisting nodels and data bases. The inclusion of two such
model s, the System Planning Mdel developed by the Council and FISHPASS, is
addressed within Part | of Volune 2. Much of the data that are needed for
nodeling is expected to be produced in the ongoing system and subbasin
pl anning process. \Were data are |acking, nodel devel opnment should help in
identifying critical data needs as explained in Chapter 1 of Part I. Aso
there will always be certain stocks for which data are relatively scarce
In such cases it will be necessary to carefully extrapolate inferences from
anal yses of better understood stocks to those for which information is
| acki ng.

In a large, conplex system such as the Colunbia, there wll always be
differences in opinion as to how the system should be nodel ed. Debates
over what |evel of resolution is appropriate, which assunptions are nost
likely to be correct, which mechanisms should be included in a nodel, et
cetera, are to be expected and encouraged. The beauty of mpdeling is that
it is relatively easy and cheap to explore alternative hypotheses using

model s as conpared to experinenting with the real system There is a
fundanmental difference between nanagenent by consensus and nodeling by
consensus. The purpose of managenent is to provide tangi ble benefits. The
purpose of modeling is to provide information. Uhile only a single.

coordi nated managenent strategy can be expected to maxim ze benefits.

having a single nmodel which is based on a solitary view of the system does
not maxi m ze information. Thus those comments which suggest alternative
nmodel s of the system are welcome; future nodeling efforts will consider
these comrents in the design and analysis of alternative nodels. The
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proper role of such nodels in managenent and research is discussed in
Part |.

Under standing the Economi cs

The objections to the economc anal yses proposed in the Phase |l Draft
Report concerned both the method and the scope of the analyses. Sone
reviewers objected to the choice of cost-effectiveness analysis, and
suggested that a benefit-cost analysis might offer a nore conplete economnic
assessnment of the mitigation alternatives. Qhers argued that the proposed
anal yses go too far in trying to incorporate all of the tradeoffs inherent
in the mitigative neasures into a cost-effectiveness franmework, both
because many of the tradeoffs are difficult to quantify and because the
systemis too large and conplex to reduce to a single |east-cost solution.

These objections correctly point out that no single analytical tool is
a panacea. Wiile cost-effectiveness analysis readily allows one to
evaluate alternatives with non-nonetary biological objectives, it sidesteps
the issue of whether the benefits of attaining a specified objective
outwei gh the costs. An ideal economc analysis addresses this econonic
efficiency concern, as well as distributional, welfare, and equity issues.
On the other hand, a benefit-cost analysis, while incorporating nore
efficiency concerns, forces one to transform many non-nonetary values into

dol l ar terns.

In any case, the agreenent between BPA and RFF specifies that cost-
ef fectiveness and not benefit-cost analysis is the approach to be used in
the econom c analyses. Furthernore, the direct |anguage of the Regional
Act which mandates the nitigation efforts stipulates that decision-makers,
when faced with multiple options which achieve the same |evel of biological
effectiveness, nust enploy the alternative that mninmzes the econonic cost

of achieving the specified biological objective.

Because many of the biological goals involved in nmitigation will reach
across the entire system (for exanple, adult anadronmous fish product ion
requires analysis of the entire range of the fish life cycle from spawning
grounds to the ocean), the Act also specifies that a systemwi de approach be
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taken. This means that the cost-effectiveness analysis should incorporate
as many of the economic tradeoffs as possible, across the entire system A
pi ece- by-pi ece, project-by-project econonmc analysis may not yield

meani ngful results if the inter-relationships of the pieces are ignored and

the systemis not analyzed as a whol e.

This does not nean that the analysis will attenpt to determine a
single least-cost solution, however. Rather, the approach will be to use
cost-effectiveness to explore the various options and to elimnate clearly
inferior solutions. The proposed mathematical progranm ng nodel can
incorporate a variety of non-economc goals, such as the maintenance of
upstream popul ations, as constraints which limt the range of alternatives
and assess the costs and tradeoffs of achieving these non-econonmc goals.
As the goals change, the nodel would yield different results. The
simulation mdel would be able to evaluate this set of results nore

compl etely.

It is inmportant to note that cost-effectiveness analysis should not
serve as a decision rule. It is merely one of several tools to aid in the
eval uation of various options. Decision-nakers still need to specify both
the objectives to incorporate in the analysis and the alternatives to

pur sue.
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APPENDI X A

Regi ster of those attending the public discussions held in Portland and
Seattle concerning the draft Phase |l report.

Portland, Oregon;
Nane

Tom Pansky
Har k Danl ey
Larry Larson
Geg Drais
Janet MLennan
John Pal ensky
Stan Detering
Jerri Krier
Jonathan MIls
Doug Arndt

Jim Athearn
Art Cerlach

Ed Wodr uf f

Bol yvong Tanovan
Ri chard Kruger
Darryl1l O son
Villa Nehlsen
Peter Paquet
Chi p McConnaha
John Har sh
Rick Applegate
Ron Eggers
Barbara Tayl or
John Vol knman
Kat hryn Kost ow
Jack Donal dson
Earl Webber
Phil Roger
John Platt

Ji m Seger

Bri an Ki nnear
Di ck Edwards
Emery Castle

March 3, 1988

Affiliation

Bonnevill e Power Adm nistration (BPA)
BPA - Public Invol venent

BPA

BPA

BPA

BPA

BPA

BPA

BPA

U S. Arny Corps of Engineers (CCE)

CCE

COE

COE

CCE

Fi sheries Consultant

Argonne National Laboratory

Nort hwest Power Pl anning Council (NPPC)
NPPC

NPPC

NPPC

NPPC

NPPC

NPPC

NPPC

Pacific Northwest Uilities Conference Committee
Col unbia Basin Fish & Wldlife Authority
Colunbia River Intertribal Fish Commisson (CRITFQ
CRI TFC

CRI TFC

Pacific Fisheries Managenent Council

U S Fish and Wlidlife Service (USFW)
USFWS

Oregon State University

54



Seattle, Washington;

Nane

Robert Francis

Ji m Ander son
Charl es Si nenstad
St eve Mat hews
Gordon Swartznman
Davi d Ford
Christine R bic
David Fluharty

Di ck Nason

M ke Erho

Bob d ubb

Labh Sachdev

Ci ndy Monk

Roy Metzgar

Stanl ey Detering
Kat hryn Kost ow
Chi p McConnaha
Denni s Rohr

Wesl ey Ebel

March 4, 1988

Affiliation

Fi sheries Research Institute, UW (FRI)
FRI

FRI

FRI

Center for Quanitative Science, UW (CQQ)
CQs

CQs

Inst. for Marine Studies, UW

Chel an County PUD

Dougl as County PUD

Puget Sound Power and Light Conpany
Seattle City Light

Seattle City Light

Snohomi sh County PUD

BPA

PNUCC

NPPC

M d Col umbi a PUDs

Nati onal Marine Fisheries Service
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DEPARTMENT OF THE ARMY
NORHk PACIFIC DIVISION CORPS OF ENGINEERS
PO BOX 2870
PORTLAND OREGON 97208 2973

AR$1"3'II:I;(N1TI%NOF March 31, 1988
Pl anni ng Di vi si on

Al len V. Kneese

Seni or Fel | ow

Resources For The Future
1616 P Street

Washi ngton, D.C. 20036

Dear M. Kneese,

Encl osed are coments from my staff on the three volumes of
the draft report, Design of Studies for the Devel opnent of BPA
Fish and Wldlife Mtigation Accounting Policy. These comments
are primarily technical in nature. W understand, as per
di scussions with Stan Detering of sra, that BPA will be seeking
additional input fromthe regional agencies and interested
parties on the appropriateness of BPA funding further nodel
devel oprent .

Your studies recommend several models that will fully trace
the life cycle of salnon and steel head. Many of these nodels
currently exist in some form and you have suggested inprovenents
to ttem. This sort of consolidation and inprovenent to existing
(and often conpeting) nodels is critical to an objective
exam nation of the numerous fish mitgation proposals. The next
| ogical step would be to prioritize the next stage of study.
Since many interested parties should help in this prioritizing
step, We suggest you consider a workshop to receive regiona
i nput .

W found the neeting held on March 3 to be very informative
and many of our initial questions were addressed in a follow up
meeting bet ween Danny Lee, Doug Arndt, Ed W.odruff, and Bol yvong
Tanovan. Thank you for this opportunity to comment on this
excellent effort by Resources for the Future.

Si ncerely,
%f/ Chief, Planning D vision
3 Encl osures

Copy Fur ni shed:
Stan Detering, BPA
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SUBJECT: NPD COMVENTS ON - - VOLUME 1: MODELING THE ANADROMOUS
FI SHERIES OF THE COLUMBI A Rl VER BASI N

1.  Modeling Downstream M aration. The report, and particularly
in chapter 4, recognizes that the nodeling of passage at the

mai n-stem danms with the Corps of Engineers' FlISHPASS nodel is
appropriate, but, better accounting of reservoir nortality is
needed. Unfortunately, the report does not fully recognize the
i mportance of fish transportation ( see first paragraph, page
4-5) in elimnating concerns with reservoir nortality. W agree
there is a need for detailed reservoir passage nodeling. The
Corps, however, feel that reservoir nortality could be
substantially reduced by increasing transportation from dans that
now have that capability.

2. The probabilistic approach proposed for juvenile mgration

t hrough reservoirs is original and intriguing. Model s devel oped
to date, with sone exceptions, have been nostly determnistic in
nature, wusing concepts that are intuitive and | ogical. The | ack
of pertinent information, due primarily to enornous physical and
practical constraints, has prevented the nodels from generating

extrenely accurate results. It is not certain that the RFF new
approach will not be faced with the same problem of |ack of
needed dat a. Even assuming that sufficient data will be
collected, the need to relate fish migration to flows and
mgration timng still remains, so that the node; can be used for
practical applications. How this would be acconplished with the
RFF proposal is not clear. It should be noted that the current

"routing” nmethod used in the Corps' FISHPASS nodel already |eads
to a bell-shaped curve for fish arrivais at downstream pools.

3. Estuary Mddel. This nodel represents a new tool which may
provi de substantiai nanagenent insight. W suggest that the
estuary and early ocean nodel include separate accounting of the
transported and non-transported fish to examne if their is a
difference in nortality.

4. Chapter 7. ©Modeling Upstream M gration of Adult Sal nonids.

a. Harvesting of upstream migrating adults is not included

in the conceptualized nodel (see page 7-5.) I ndian harvest is a
maj or restriction to adults and as runs increase there will be
added pressure for increases in gill netting and sport catch.

W thout accounting for harvest we do not see how this npdel could
be usef ul

b. W strongly question the concept of each fish having a
[imted "fuel tank" and that spawning efficiencies are
significantly inpacted by the amount of "fuel" used in the
upstream m grati on. The studies that we are aware of (see
bi bl i ography bel ow) do not support this basic concept. W do not
see extensive biological nodeling of the upstream mgration as a
high priority and think that a sinple accounting nodel may
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suffice. That is, sinply account for the nunber of salnon that
are caught and show where each species exit the main Colunbia to
tributaries to spawn.

C. Bibliographv of Pertinent Studies.

' Lisrom K L. and Stuehrenberg, L.C Radi ot r acki ng
Studies of "Upriver Bright" Fall Chinook Sal mon Between
Bonneville and McNary Dans, 1982. Sept 1983. Final Report to
BPA ( DE- A179- 82BP36379) .

Stuehrenberg, L.C. and K L. Lisrom A Study of
Apparent lLosses of Chinook Salnon and Steel head Based on Count
D screpancies Between Dans on the Colunbia and Snake Rivers,
1967- 1968. Aug 1978. Final Report to the Corps of Engineers
(Contract # DACW 57-67-C-0120).

' Ross, C V. Evaluation of Adult Fish Passaae of
Bonneville Dam 1982.  July 1982. Final Report to the Corps of
Engi neers.

Shew, DM et al. Evaluation of Adult Fish Passaae at
McNary and John Day Dams, 1985. 1906. Final Report to the Corps
of Engi neers.

5. Page A-4. The di scussion provided here gives the inpression
that fish hauling is not an inplenentable activity in the |ong
run. W strongly disagree with this statement and have nunerous
study findingsto support our opinion. It rmust be recognized
that currently fish hauling represents the major form of
mtigation in the critical |ow water years.
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SUBJECT: VOLUME 2: ECONOM C- ECOLOGE CAL MCDELI NG FOR
COST- EFFECTI VENESS ANALYSI S OF ALTERNATI VES

1. The cost effectiveness criterion does not answer the basic

question of whether a biological goal is "worth" the cost. That
is, no conparison of benefits to costs of a biological goal is
acconplished with the cost effectiveness analysis. Many of the

fish inprovenent proposals require trade-offs wth hydropower.
The power act requires "equitable treatnent” of fish and

hydr opower and since all power plan elenents are tested from an
benefit-cost approach, it follows that fish prograns also should
be economically tested to the extent possible.
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SUBJECT: VOLUME 3: CCEAN FI SHERI ES MANAGEMENT

1. The examination of the critical economc concerns with the
sal non and steel head ocean fishery is very thorough and well
done. Many of the proposed nodel elenents have been of concern
to region economsts for years, but, the |ack of budget
priorities have restricted any one group from funding the
necessary research

2.  The determ nation of econom c values of commercial and
recreational fishery should not be limited to the ocean fishery.
As stocks increase throughout the PNW in the next several years,
in-river fisheries will again become a mgjor econom c concern
Furthernore, the economc value of steeihead is limted to the
'*- river fishery. By ignoring this conponent of the fishery RFF
will mss its goal to provide a conprehensive nodel to exam ne
all fish mitigation and enhancenent proposals.
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United States Department of the Interior

BUREAU OF RECLANATI ON
PACI FI C NORTHWEST REG ON
FEDERAL BUILDING & U.S. COURTHOUSE
BOX 043-550 VEEST FORT STREET

: y BA SE, | 727-004
KefeR1o PN 734/150 OI SE, | DAHO 83727-0043

APR | - 1988

Allen V. Kneese
Resources for the Future
1616 P Street NW.
Washington, D.C. 20036

Dear Mr. Kneese:

We received your draft report "Design of Studies for Development of BPA Fish
and Wildlife Mitigation Accounting Policy, Phase 1l Report" dated January 1988.

The Bureau of Reclamation has been supportive of the fish and wildlife
mitigation program under the Northwest Power Act since its inception in 1980.
We have participated in wildlife mitigation team meetings with State, Federal,
and tribal representatives on each of our hydroelectric projects in Montana,
Washington, and ldaho. We have worked to achieve wildlife mitigation plans on
these projects and are looking forward to their implementation. We are also
still involved with fish and wildlife issues that are being addressed in the
various committees on a project and subbasin basis.

4fter reviewing your draft report, we offer some comments of a general nature.

We question the need for yet another computer model of the Columbia Basin
anadromous fisheries. There only needs to be one model for the basin, and
the development and use of the model should be a cooperative effort of the
involved agencies and tribes who should work together to establish the
location of the model, level of detail needed, structure, research needs,
etc. Perhaps a Columbia Basin anadromous fisheries model technical work
group could be established to reach agreement on the parameters of a
fisheries model that all would accept as technically accurate and adequate.

There would also seem little need to develop another hydrosystem model.
Existing models should be able to provide the necessary information/
simulations.

It is not clear how the fish production and migration model discussed on
page 35 differs from the model discussed in volume 1.

Overall, it would appear that much of the computer modeling and other
aspects discussed in the report are already underway by various entities
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concerned with Columbia Basin anadromous Tisheries. Rather than starting
another, new effort, perhaps BPA should consider a role of facilitator in
bringing ongoing efforts together under one "umbrella." In this way,
efforts could be coordinated, directed, and expanded in a manner that
would meet all needs at a minimum cost to taxpayers and ratepayers.

Thank you for the opportunity to review this report.

Sincerely yours,

?%ﬂ;u). 7411-

Regional Director
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SIMON FRASER UNIVERSITY

NATURAL RESOURCES
MANAGEMENT PROGRAM
FACULTY OF APPLIED SCIENCES

BURNABY, BRITISH COLUMBIA
CANADA VSA 1S6
Telephone: (604) 291-4659

3 April 1988

DF. Allen V. Kneese
Resources for the Future
1616 P Street N.W.
Washington, D.C. 20036

Re: Draft Summary Report of BPA Project

Dear DF. Kneese,

Thank you for sending me the "Draft Summary Report: Design of
Studies for Development of BPA Fish and Wildlife Mitigation Accounting
Policy" dated January 1988. Unfortunately, |1 was unable to read this
until now and was therefore unable to provide you with detailed comments
before your deadline of 1 April. However, 1 wanted to do a thorough job
and 1 hope that these comments will still be useful. |have sent a very
similar letter to Danny Lee.

General Comments

The Draft Summary Report is extremely well written and RFF"s work
to date on this project is admirable, both in its scope and in the care
with which the various techniques are being explored. In particular, 1
think that the sections relating to Volume 1 on the potential uses of
simulation modelling are excellent. The authors note that a compromise
must be found between models that are too detailed to understand and
ones that are too simple to have much utility. They further emphasize
the role of modeling in design of future research projects, sensitivity
analysis of management alternatives, etc. Even though 1 do a lot of
modeling, all of these statements are philosophically in line with the
"healthy skepticism”™ that | think one should take towards the use of
models. However, I do have three major comments on the simulation
modelling work done to date, as well as that proposed.

First, the Volume 1 models appear to be too detailed. It seems
very unlikely that you will be able to get, on all relevant stocks, the
requisite detailed parameter values related to size-specific mortality
rates, for example, or other detailed components. This type of detailed
modeling seems at odds with the careful compromise on detail that was
discussed on page 12 of the Summary Report. The problems with the
detailed International Biological Program models in the 1970s illustrate
that too much detail can reduce the chances of meeting the stated
objective of the modeling exercise.

Contd. p. 2....
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Second, Volumes Il and Il that deal with economic analysis and
management of ocean fisheries appear to be headed toward formal
optimization. Other than your observation that such methods can help to
"screen management alternatives,” | have difficulty envisaging how the
simulation work will interface in a meaningful wav with the proposed
optimization work. It is easy to say that the simulation will produce
outputs that will be inputs to the optimizations, but without any clear
examples of this, | foresee difficulties. | have seen too many cases
where different groups of people have taken different quantitative
approaches and have not had their models interact. This problem will
have to be worked on very carefully, with perhaps workshops that serve
to ensure that outputs from one model provide information on variables
that is at the spatial and temporal scale required by the next model up
in the hierarchy. A systematic process for doing this is our "looking
outward" approach, which is outlined in Chapter 4 of Holling et al.
(1978).

Third, | could find no mention of the potential interactions that
could occur among stocks of the same species, or with other species.
Yet such interactions have been found to be important in many
situations. In the enclosed review paper (Peterman 1987), | tried to
document that there are density-dependent processes in the marine
environment that can lead to rehabilitation projects generating fewer
economic benefits than anticipated. For example, density-dependent
growth exists within stocks (pink and sockeye salmon) and among stocks
from widely separated streams that intermingle on the high seas
(sockeye). Density-dependent marine survival has been documented for
one sockeye salmon population in B.C., and while Nickelson"s (1986)
paper purported to show that this density-dependent process did not
exist in coho salmon from the Oregon Production Index area, his sample
sizes (years) are so small that the power of his results is too low to
draw a firm conclusion. In other words, the probability of detecting
density-dependent marine survival, even if it truly exists, is so low
with his data, that his failure to detect significant density-dependence
should not be taken as firm evidence that such a process does not exist.
It was a weak test. | am writing a paper on this topic soon, and as |
will outline below, | think that the concept of statistical power is
extremely important not only to the modeling of the Columbia River
system but also to the large-scale experimental design. There are
numerous other examples of interaction among stocks and species, such as
through predation by coho smolts on pink salmon. These are documented
in the "grey literature" of internal management agency documents.

Specific Comments

I have further comments on the indicated pages of the Summary
Report.

Contd. p. 3....
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Page 5 --1 agree that a system-wide approach to the planning and
implementation is essential. This is what | stressed to Kai Lee from
the start; without coordination in a careful experimental design,
extensive confounding of effects of various actions could occur, making
it impossible to ascertain which mitigation efforts were working and
which were not.

--The stated goal of doubling the number of adults is identical to the
Canadian Salmonid Enhancement Program®s (SEP) goal in 1977, and my
concern about SEP"s goal applies equally to the Columbia River case. If
the goal of doubling production is based upon historical catches, one
cannot conclude that it will necessarily be possible to get back to that
level of production for two reasons: 1) oceanographic processes, which
are known to affect survival and growth on the high seas, are not
constant and long-term trends exist that may make the ocean less
productive (or more so) than in the past. Thus, past production may be
only a very rough guide to what the ocean can support in the future. 2)
Ricker (1973) shows that there is an element of "Ffishing up" even in
salmon fisheries. This means that peak historical yields may not be
obtainable again.

-- lalso wonder if it might be more appropriate to state the goal in
terms of the desired increase in total biomass of adults, rather than
simply numbers of fish. Certainly, this is more important to the
commercial fishermen, who earn income on the basis of weight caught.
Sports fishermen may indeed only want the number of fish to increase,
regardless of their size (as long as it is within a reasonable range).
This issue should be discussed before you formulate the objective
functions for the optimization models. This comment arises from the
density-dependent growth dynamics that 1 alluded to above. Weight of
individual sockeye adults can be as much as 22% below their largest size
when they are present in the Gulf of Alaska with large numbers of
conspecifics (Peterman 1984). Density-dependent growth is therefore a
significant effect that can influence the economic benefits from a
mitigation effort (Guthrie and Peterman 1989). This is one mechanism by
which you may start to receive decreasing marginal benefits from further
mitigation efforts.

--At the bottom of page 5, you indicate that some mitigation an3
enhancement measures can be pursued without formal analysis. Fine, but
what about an experimental design to formally test whether they are
working? We have had too many surprises in management of ecological
systems to continue assuming that new management regulations will always
have the desired effect.

Contd. p. 4....
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Page 7 --Task One. The large system-wide model that is planned may go
well beyond the ability of data to provide reliable parameter estimates.
Avery similar dilemma was encountered by Barnthouse et al. (1984) who
were involved with modeling of mitigation efforts by power plants to
maintain fish populations. 1 strongly recommend that your staff have a
look at the lessons from that work, if they are not already familiar
with it. Barnthouse et al. found that a simpler model was the only
credible one in the end, and the original goals of the project had to be
changed.

Page 8 -- Tasks Two. Given the lack of an experimental design from the
outset of dam construction on the Collumbia, 1 doubt whether you will be
able to attribute the reduction in fish stocks to hydroelectric
projects, let alone to other causes, man-made or natural. The only
thing that comes to mind is that the different starting dates of the
dams may permit the fitting of a '"staircase design,” (Walters, Collie
and Webb 1988) which might be able to assign confidence intervals to the
relative proportions of losses attributable to different causes. Jeremy
Collie, now one of my Research Associates here at Simon Fraser
University, was a coauthor of that work and he is currently fitting this
"staircase design” to similar types of data on fish stocks that have
been disturbed by a temporal sequence of management actions.

--Task Three. Again, changes in total biomass production of adults
should be one measure of progress. The staircase model might also be
applicable here.

Page 13 -- The hierarchical approach to modeling the system is good.
Perhaps the final product should include a "hierarchical information
package" (Gross et al. 1973). The objective of this package would be to
increase the number of users or readers who understand the assumptions
of the various levels of models. The more that the assumptions are
understood, the more wisely the models will be used by the managers.
This technique was used by Gross and his colleagues to help bridge the
gap between scientists and managers, a goal that most modelers don"t
take seriously. The Gross et al. document is probably not obtainable
any more and it is several hundred pages long, but it was a report
submitted to RFF (it must have been part of an RFF contract).
Alternatively, Jack Gross is with the US Fish and Wildlife Service in
Fort Collins, Colo.

Page 20 --Again, without examining the possibility of density-dependent
growth or survival processes after the smolting stage, your models are
likely to overestimate the benefits that will arise from any enhancement
method. At the very least, you need to ask, "How strong would such
density-dependent processes have to be before we change our management
recommendations?"
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Page 22, bottom --While managers of enhancement facilities can indeed
try out different tactics to influence marine survival, if left to their
own devices, proper evaluation of those tactics may not be possible.
Each treated group of fish (e.g. small size at release) should be marked
and have a control group (normal size). There should be replicates of
treated and control groups so that the effect of the treatment can be
tested statistically. However, if each hatchery manager independently
performs these manipulations as he sees fit each year, the composition
of smolts (in terms of size, timing of release, and physiological state)
from the Columbia system as a whole will differ from year to year. This
will confound any attempts to statistically test hypotheses having to do
with density-dependent marine growth and survival because the '"abundance
of smolts" variable will not be the same each year. Thus, careful
consideration should be given to the tradeoff between local-level and
large-scale experimentation.

Potential Future Contributions

In your letter, you asked for additional comments on how readers
might be able to contribute to Phase Ill on this project. Through Kai
Lee, 1 am aware of some cf the work that the staff of the Council are
doing, but I am not exactly clear how RFF"s responsibilities differ from
these of the Council. Sc some suggestions below may be more appropriate
to the Council.

Since 1977. 1 have been working on the components of recruitment
of Pacific salmon, concentrating on the relatively neglected marine life
stage. I have empirically tested numerous hypotheses related to
processes that affect year-to-year variation in marine survival, growth,
and age at maturity (reviewed in Peterman 1987). 1 could contribute
some of those findings and methodologies for testing to the Columbia
River coho and chinook situation. (1 have enclosed several papers in
Danny Lee"s copy of this letter). | have also done extensive simulation
modeling of fish population dynamics, including the chinook and coho
salmon iIn Georgia Strait of British Columbia (Argue et al. 1983). |
therefore might be able to assist with some of the simulation modeling
in Phase IIl.

In 1982, | gave a Z-day short course on large-scale experimental
design to Oregon Departrent of Fish and Wildlife staff (Jim Lichatowich
in Corvallis organized it). Given that one major theme of the BPA
project is a system-wide examination of mitigation solutions and
monitoring to determine their success, experimental design should play a
significant role. Scientific staff may understand the principles of
experimental design, but those managers who will implement the
"operational plan" for various projects may not. The latter in
particular may not realize the potential confounding effect of different
actions at different locations along the migration route. Perhaps |
could again run a workshop on experimental design.

Contd. p. 6....
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While this 1982 workshop helped to convince managers in the Oregon
region that a large-scale experimental approach was necessary, the
experiment that they proposed later that year had low statistical power.
They suggested that, instead of continuing to increase the abundances of
smolts released each year, smolts should be held constant at 48 million
per year in order "to test once and for all if there really is density-
dependent marine survival." Unfortunately, this experiment had a low
probability of detecting density-dependence, even if it existed
(Peterman and Routledge 1983). Thus, the experiment had low statistical
power. Subsequent work by myself and other people has documented that
statistical power is an extremely valuable concept that can be applied
to problems such as the rehabilitation of the salmon stocks of the
Columbia River. In that situation, it is possible to calculate the
probability that one will be able to observe an effect of some
mitigation measure, if an effect really exists. If the set of
individual experiments being carried out simultaneously results in a low
probability of seeing an effect, then the experimental design should be
improved. In contrast, a high statistical power will confirm that the
experimental design is reasonable, at least from one viewpoint.

I have been doing research on this area of statistical power
recently (e.g. Peterman and Routledge 1983; Peterman and Bradford 1987)
and | believe that not only should managers be aware of its
significance, but so should researchers. 1 could contribute research on
the application of this statistical power concept to the BPA project to
ensure sound experimental design. As well, part of a short-course on
experimental design could include a section on statistical power.

Conclusion

Your staff and that of the Northwest Power Planning Council are
doing an excellent job on this project. This will become a precedent-
setting stock rehabilitation program and at this stage it looks like it
will also have valuable methodological spinoffs. | appreciate being
asked for comments and 1 would like to be put on the mailing list for
future reports. | hope that my comments are useful.

Sincerely,

fade . FTis—

-Randall M. Peterman
Professor
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ARGONNE NATIONAL LABORATORY

6915 S.W. Macadam Avenue, Portland Oregon 97219

April 4, 1988

Drs. Allen Kneese, Danny Lee,“/
and Walter Spofford

Resources for the Future

1616 P St. N.W.

Washington, D.C. 20036

Gentlemen:

Thank you for the opportunity to comment on your Phase Il study report
for the Bonneville Power Administration. Itis my view that the work you have
outlined for Phase Il of the study is consistent with the "minimum economic
cost" stipulation of the Northwest Power Act, under the provisions for fish
and wildlife mitigation, and this work 1is necessary in order for the
Bonneville Power Administration to demonstrate that the agency is exercising
prudent decision making in funding select mitigation options.

The following comments support the broad objectives of RFF"s Phase |
study methodology but offer some suggestions regarding changes in focus and
pose relevant study. questions inherent to both policy and technical
considerations.

Econanic Analysis and the Fish and Wildlife Program

The work outlined for Phase Il represents one of the few efforts to
couple formally economic analysis with the planning framework of the Fish and
Wildlife Program. The use of economic analysis in implementing the Program
has not been emphasized, because the Act mandated that hydroelectric power
operators were responsible to mitigate damages inflicted on the Columbia River
fisheries. The Act made clear that Congress had decided the fisheries should
be protected to the extent practical. Still federal and nonfederal project
operators must absorb program costs and carry through implementation, while at
the same time adhering to the basic tenants of prudent utility practice. As a
result, the need to demonstrate fiscal responsibility is a dominant concern
for the power community.

Reflecting the goals of diverse constituencies, Congressional intent
surrounding the application of economic analysis to the tradeoffs for fishery
mitigation can be an imprecise and contradictory guide, as presented in the
legislative history of the Act. Congress expects regional power planners to
give fish and wildlife interests "equitable treatment" with power production
objectives, while ensuring Pacific Northwest residents of an ‘'economical”
power supply, and that the fish and wildlife mitigation provisions should not
subvert the power objectives of the Act. The direct language of the Act
provides that cost-effectiveness analysis can be employed to designate a
preferred option when two different measures can achieve the same mitigation
function. Even so, there is nothing in the Act to suggest that this sole

provision restricts, or should be construed to restrict, conventional methods
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of resource economics or regional planning.

The Act does not stipulate to economists and regional planners what
analysis methods can or cannot be used, any more than it dictates to
ecologists the methodological parameters of envi romental sci ence. If
decision makers and society do not understand or are not made aware that the
costs of fishery mitigation are "real"--which economic analyses can
demonstrate--then there is little reason to expect a "societal appreciation”
for future costs to the resource caused by present-day management decisions.
This [latter point regarding the need to preserve the value of today"s
investments for fishery benefits relative to the future is strongly emphasized
by the Council staff as a justification for their "protected areas'" concept.

It is likely that the drafters of the Northwest Power Act intended
resource planners to employ a TfTull range of analytical methods to assess
mitigation options. And it is evident that resource management decisions
should be based on institutional/equity considerations, as well as the
guidance afforded by the insights of the physical and social sciences. Within
this context, econcmi c¢ analysis provides one form of evaluation--an evaluation
tool as opposed to a decision rule--it is not the sole criteria for decision
making, nor should it be banished fran the decision-making arena.

The Policy Envirorment
As you discovered (but already knew) during the Portland workshop, your

study proposal is viewed with great skepticism by the region®"s fishery agency
and tribal resource managers, in addition to some Northwest Power Planning

Council staff. Much of this skepticism has little to do with technical
concerns, but much to do with the regional politics of fisheries management
and electric power planning. Under the Act, the agency and tribal fishery

managers have gained considerable leverage over mitigation planning and
implementation, as they pursue their mission to restore the Columbia River
Basin fish runs. For the agency and tribal resource managers, restoring the
runs takes precedence over other concerns--a priority nurtured to some extent
by the general public support for restoration and by political forces from
within the region and elsewhere. An added factor is that recent improvements
in the size of the fish runs have reinforced the "spirit of success" held
among the resource managers.

The resource managers perceive any action that might stiffle the
restoration effort or shift control of the planning/implementation process
away from their pervasive influence as a threat to their mission. The RFF
study is definitely viewed by the resource managers as a threat. Also, the
RFF study engenders two other stigmas: the fact that you are "outlanders"™ from
Washington, D.C. (everyone from the Pacific Northwest possesses a regional-
centric outlook); and that you propose to infuse economic analysis into the
restoration planning effort--a concept that many ecologists and resource
managers view as roughly akin to "unmitigated evil.” It is generally believed
by the resource managers and fishery advocates that resource economics studies
seldom favor the resource under investigation.

A wellspring for further apprehension, the RFF ecological and economic
modeling work would lead, in all likelihood, to greater specificity or detail
for the available planning options, that might highlight the deficiency of
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sane proposed (or existing) mitigation actions. Greater certainty does not
necessarily favor the resource managers position within the planning
process. As the situation now stands, uncertainty works in favor of the
resource managers--the results from an unsatisfactory mitigation action can be
jJustified as part of the "adaptive planning” process advocated by the
Council. ANL"s experience with the Rock Island project reflects, to a
significant degree, the preference for doubt in some circumstances.
Considerable resistance to ecological modeling and economic analysis was
voiced by the resource managers. They asserted that attempts to develop
ecological models would lead to gross inaccuracy or provide too broad a range
of values to be meaningful; and that economic analysis of the settlement
agreement was not necessary, Inappropriate under the Fish and Wildlife
Program, or merely a venture in metaphysics. Several times, the resource
managers (and agency attorneys) indicated that our analyses should be
"qualitative" in nature.

Consequently, regardless of your independent and objective status in
relation to the issues, your proposed work will be opposed. It will be very
difficult for BPA officials to bear the brunt of the political opposition to
your proposed study. It will be“easier for BPA officials to hold the present
course, allowing the Council and the resource managers to designate the
direction of the mitigation and compensation efforts, with BPA placing some
ceiling on the overall magnitude of the expenditures.

The Scope of the Proposed Project

The scope of the proposed Phase 111 study is far reaching, though
project size is largely determined by the complex questions you seek to
answer. Nevertheless, this bold undertaking easily falls prey to criticisms
that "any modeling effort that large will never work,"™ or that "the study is
too theoretical.” To combat these criticisms and demonstrate the utility of
your study results, you may want to modify your work to limit its initial
physical scope and to concentrate on some of the more fundamental problems
underlying the application of economic analysis to fishery mitigation issues.

As you have indicated informally, the study should first concentrate on
one of the subbasins within the Columbia River system, in order to refine the
methodology and display its utility for resource planners. There 1is a
considerable temptation to recommend the Yakima Basin for this trial
application, but existing planning decisions may preclude this basin from
offering anything other than an academic afterthought for your endeavors. You
may want to consider the Salmon/Snake river basins instead, where fishery
mitigation actions can be considered along with the effects of hydroelectric
project operations, potential new hydro development, and the economic
consequences, If any, resulting from other competing water uses (agriculture).
Interestingly, you may find your study approach shifting to a methodological
framework reminiscent of the comprehensive river basin planning proposals
developed during the 1950"s and 1960°s.

Focusing on Pragmatic Issues

To my knowledge, a set of standard application procedures for
implementing the cost-effectiveness criterion, as it applies to fishery
mitigation, does not exist. This is a real '"nuts and bolts." type of problem;
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it may appear to be pedestrian in concept from the perspective of resource
economists and regional planners, but actual application factors are seldom
straightforward. ANL"s experience in applying economic analysis to fishery
impacts and mitigation measures in the Hamma Hamma, Snohomish, and Salmon
river basins and to the Rock Island Project suggests that there are always
intricate problems to solve at the technical |level. Or approaching the
broader conceptual picture, can one compare the cost-effectiveness of
mitigation actions only at the same project site, or can/should one set of
project mitigation actions be compared to another set of actions, where
similar "biological objectives" can be met? What will be the guiding
standards?

Staff from the Bonneville Power Administration, the Council, and the

PNUCC have been introduced to the concept of "principles and guidelines" for

applying economic analysis to the Fish and Wildlife Program. Perhaps RFF is

the proper group to direct the preparation of such guidelines. And perhaps
of the guidelines should be a priority of the Phase 111 study.

Another question closely linked to the issue of cost-effectiveness and
principles and guidelines is that of systematic mitigation monitoring. There
likely will be a need to prepare an "account system"™ to determine whether
mitigation actions are performing satisfactorily (to the extent such

determinations can be made). This monitoring system presumably will provide
data for estimating the cost-effectiveness of similar actions under
consideration or serve as a Vverification component. Account system

development may be a reasonable objective for RFF to pursue during the Phase
N work as well.

Fi shery Benefi ts

Although some question exists about continuing the Volume Il work, it
is In the public interest to review and expand upon the existing knowledge of
fishery benefits estimation. Moreover, there is a need to address fishery
benefits derived within the Basin, as well as from the ocean commercial
catch. The reason that ldaho resource managers are interested in restoring
fish runs in the Salmon River Basin is not to produce benefits for the ocean
commercial fishery but to increase fishery benefits in Idaho. This same
situation holds true for the perspective of the Yakima Indian Nation. But the
costs of "delivering" fish to ldaho or central Washington are far greater than
simply providing fish for the ocean commercial catch. So being, why limit an
evaluation of marginal fishery benefits to only the ocean fishery? It 1is
disconcerning that the benefits gained from the mitigation efforts made
upriver are not included in the RFF study. Similarly, it can be asked: what
direct benefits, if any, will be transferred from the agricultural community
(water allocation implications) to the Ffishery interests to develop new,
upriver spawning grounds? Also, 1if we are willing to measure secondary
benefits (use of 1/0 models) derived from the commercial fishery and acquired
by costal industries and communities, what prevents us from measuring the
secondary economic impacts from steelhead Tfishing (recreation industry) in
Idaho County, Idaho?

Econanic Benefits of the Indian Fishery

Two areas that deserve further study are the economic significance of



the fishery to the Columbia River Basin Indian tribes, and how the economic
benefits from the Indian fishery can be enhanced to increase the well-being of
tribal members. This is, of course, outside the purview of the existing Phase
111 methodology, but it is an issue worthy of investigation by both RFF and
the Bonneville Power Administration--particularly given the legal/political
influence of the tribes to secure fishery mitigation and compensation actions.

In the Rock Island Project EIS, ANL devoted attention to a review of the
economic well-being of the Basin tribes and to the economic impacts of the
tribal commercial fishery. In summary, we determined that: 1) it is apparent
that the tribes®" economic well-being is significantly below the level of the
general population; 2) the tribes do not necessarily receive a high level of
economic benefits from direct income received from the natural resources
industries, such as the commercial fishery; and 3) the Indian commercial
fishery is a marginal 1income source for the tribal community-at-large,
representing an estimated 5% of total tribal income in 1985. The distribution
of the fishery income within the tribes was not determined, though this equity
concern is an important factor that should be reviewed.

Yet because tribal economic well-being is "fragile", every income source
is important. What becomes a meaningful question is how can economic planning
be instituted to maximize resource benefits for the tribes? For example, are
their ways to transfer income from the Basin sport fishery to the tribes
through reallocation of the harvest? Or can the added value of the fishery
processing and retail sectors be acquired by the tribes through implementation
of an industrial development program, perhaps funded directly by tribal
investment capital or through the BIA? There are, no doubt, other
possibilities available to the tribes if entrepreneurial measures are meshed
with the fishery resource. And unlike the present condition, the economic
measures contemplated above would disperse the economic value of the fishery
among tribal households that are not directly engaged in the primary fishing
enterprise. This income redistribution would not affect the Indian ceremonial
and subsistence Tfishery.

The RFF Study and Public Policy

Public policy decisions are pursued in the interests of equity and
social welfare. Fisheries mitigation and enhancement actions under the Fish
and Wildlife Program primarily serve an equity function, redistributing
benefits (market and nonmarket) to those segments of society that have
incurred costs in the past, are currently incurring costs, or likely will
incur costs due to the operation of the hydroelectric system. By carefully
assessing the expenditures to fulfill equity, social welfare is promoted as
well. Bonneville Power Administration®s review of fishery mitigation and
enhancement expenditures, through the RFF study, is conducive to the agency"s
legal obligations to honor fiscal responsibility. The review efforts proposed
by RFF merit support by the Bonneville Power Administration and the Northwest
Power Planning Council.



United States Department of the Interior

FISH AND WILDLIFE SERVICE

500 NNE. Miltnomah St., Suite 1692
Port | and, OR 97232

April 14, 1988

Dr. Allen Kneese
Resources for the Future
1616 P. Street N W

Washi ngt on, D. C. 20036

Dear Dr. Kneese:

This is in response to your request for comments on Resources for

the Future's Phase 1l research program planning docunents titled,
Design of Studies for the Developnent of BPA Fish and Wldlife
M tigation Accounting Policy. The docunment represents a

considerable amount of work and we appreciate the opportunity to
provi de comments.

In general, we are concerned that the scope of the work proposed
in your Phase Il research planning docunents far exceeds the

| evel necessary to develop the tools and information Bonneville
needs to carry out its fiduciary responsibilities wunder the
Pacific Northwest Electric Power Planning and Conservation Act of
1980 (Power Act). The proposed work also duplicates ongoing
efforts by the Northwest Power Planning Council (Council) and the
fish and wildlife agencies and tribes in developing system and
subbasin nodels and represents significant conpetition for
limted funds for research and other activities under the
Council's Fish and WIldlife Program

Mtigation and conpensation neasures under the Power Act are not
required to satisfy a cost/benefit threshold. However , wher e
there are several wequally effective neans of achieving the sane
sound bi ol ogi cal obj ective, section 4(h)(6)(C) of the Power Act
requires the wuse of the alternative with the mnimm econonic
cost. Therefore the economic <cost of alternatives must be
deternmined in order to select the mninmm cost alternative.

However, the proposed nodeling described in the planning
documents includes an assessnent of cost-effectiveness tradeoffs
rather than only directing the evaluation to the assessment of

costs of equally effective alternatives. This assessnent woul d
include developing quantitative estimates of technical, |egal
(including treaty Indian fishing rights), institutional,

po litical , and nanagenent constraints. W see no useful purpose

in this exercise, and consider it inappropriate to attenpt to
translate constraints of this nature into a quantitative form
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The research planning docunents also propose nodeling the bio-
economics of the ocean salnon fishery which would include
estimates of consunmer benefits, local income and enploynent, and
how harvest is affected by various controls on fishing effort.
Devel oping the <capability to evaluate the inefficiencies of the
ocean salnon fishery is not an analytical tool required by
Bonneville to <carry out its fiduciary responsibilities.

The Northwest Power Planning Council (Council) recently conpleted
an exhaustive evaluation of the extent and causes of the |oss of
salnon and steelhead in the Basin and estimated the hydropower

related | osses. The Council solicited extensive public conmment
and established its interim goal of increasing adult runs by 2.5
mllion fish. The current enphasis of the Program is focusing on
how to neet this goal. Your proposed Task 2, which would use

nodels to analyze the nature and extent of the mtigation
responsibility, duplicates the Council's recent action.

Modeling can be useful for identifying uncertainties, integrating
information, identifying key variables that respond to managenment
actions, and conparing the fish production inplications of

various actions. On the other hand, nodeling can also be

m sused. The Corp's FISHPASS nodel, contrary to the
characterization in your planning docunents, is not wdely
accepted by the fish and wildlife agencies and tribes. The fish

and wildlife agencies and tribes frequently have pointed out
deficiencies of FISHPASS and objected to its use in estimting

mai nstem passage nortality. The FI SHPASS npdel assunes that
turbine and reservoir nortality are independent. The cunul ative
effect on reservoir nortality of fish passing through a series of
turbines is not addressed by the nodel. The result is that the

relative benefits of alternative neans of avoiding turbine
nortality estimated by FISHPASS may be substantially

under esti mat ed. Policy decisions by the Corps, Bonneville, and
the Council have ignored this wuncertainty.

Wiile we support on-going nodeling efforts, we are reserving
judgnent on the usefulness of nobdeling as a tool for
policy/decision-making in the Colunbia River Basin wuntil the
Council's nodel has been tested through system and subbasin

pl anni ng. Meanwhi | e, your proposal to greatly expand the
nodeling effort in the Basin confounds this ongoing devel opnent
and evaluation process and would conpete for limted funding.

W appreciate the opportunity to provide comrents.
Sincerely, '
W/{ .
Assi stant Regi onal Di rector

Fi shery Resources

ccC: CBFWA



Yalc U N ive IS i ty Neu  Haven, Connecticut 06511

Dr. Allen Kneese

Resources for the Future SCHOOL OF FORESTRY AND
1616 P Street NW ENVIRONMENTAL STUDIES
Washi ngton, D.C. 20036
April 20, 1988 Marsh Hall

360 Prospect Street
Dear Dr. Kneese: Telex: 5101012363 (Yale FES)

| have read with great interest the RFF docunent concerning
the design of studies for devel opnent of BPA Fish and Wldlife
Mtigation Accounting. The objective, to analyze the
ef fectiveness of different fish mtigation strategies, is an
i mportant key to both environnental and devel opment goals in the
Paci fic Northwest. From the environnental perspective, an
anal ysis of the effectiveness of policy offers the chance of
i mproving the environnment, possibly obtaining nore fish, by
channel ing resources to prograns which work. From t he
devel opnent perspective, the nore effective use of public dollars
can only lead to a higher standard of living for all Northwest
citizens.

For those who think it is unnecessary to exam ne the
ef fectiveness of current mtigation policies, recent history
provides a useful |esson. Until the md seventies, fishery
bi ol ogists in the Pacific Northwest were spending mllions of
dollars removing woody debris from streans in the region
Analysis of this policy has eventually shown that these
expenditures not only did not increase fish production but they
actually reduced fish stocks. Current policy entails efforts to
i ncrease woody debris in streans. Bl anket refusals to carefully
exam ne the effectiveness of mitigation plans cannot be made in
the name of the environnent.

The RFF enphasis on system aesign captures an inportant

point. The success of any fishery action depends not only upon
the inmrediate local inpacts of a project but also upon the
downriver system the ocean, and the return visit. A particular

i nvestnent may appear to be locally successful, for exanple, by
rel easing thousands of snolts into the river system However, if
all the smolts will die because of an inpedinment downriver, this
investnent will actually be a failure. RFF°s recognition of the
i nteraction anongst the various conmponents of the systemis an
important feature of their effort. It is critical that a system
wi de nodel of the mgrating fishery be constructed for policy and
research (although the level of detail needed in this nodel is a
matter of debate).



As much as | agree with the need for planning and anal ysis
however, | do not totally agree with the system w de solution
that RFF is pronoting. | believe the RFF design has placed too
much enphasis upon finding a single |east cost solution to the
entire system This strikes ne as a fragile and naive research
appr oach. It is fragile in that it cannot work until all the
parts are in place. Since the econom c and biological system
being nodelled is conplex and there are large gaps in our
under standing, the nodel will not be ready for policy analysis
for years (and possibly ever).

The single solution approach seens naive in that policy is
bei ng presentea as though it sinply were a matter of finding the
| east cost way of obtaining x nunber of total fish. This is
nai ve because there are other inportant goals which wll be
demanded from the solution once the "leasct cost policy" becones
cl ear. For exanple, the least cost policy will probably identify
upstream popul ati ons as expensive and will elimnate them
Ctizens of Idaho and eastern Oregon and WAshington nay not care
for this outcome. Simlarly, certain species will probably be
easier to introduce than others. No where in the |east cost
nodel is there a nethod to weigh the relative inportance of
different species. The size of the fish may al so be inportant.

It is clear in the Rocky Muntain recreation fisheries that size
par anount over nunmbers. Another conponent which mnust be

devel oped is the reaction of Canadian and Al askan fishernen to
any increase stocks. WIIl the Northwest want to foot the bill to
increase catch in other regions? None of these issues are
addressed in a system wide |least cost solution. A nore flexible
policy tool is needed.

Instead of a large system wide single solution, | would
recommend a series of mcro studies exam ning possible
i nvestnents. Fcr exanple, one could study increasing water flows
during different nonths at each dam building hatcheries,
constructing arti ficial spawning beds below dans, etc. These
mcro studies would neasure what these investnents did to
increase local smolt production, local fishery survival rates,
etc. These local changes could then be entered into a system
wi de nodel to see how these |ocal changes would translate into
changes in desired outputs such as catch rates. Usi ng these
nmeasures of output and the costs of each project, individua
projects could be ranked against each other. I neffective
projects could be abandoned in favor of projects which really
made a difference to the fishery. Proj ects which serve other
goals can be examned in ternms of how much they increase costs.
This mcro approach has the advantage that it reflects the
rel evant econonmic information and yet keeps the tool sinple
enough that pol icy analysts can explore different solutions. In
contrast, a system wide |east cost approach nay be technically



correct but it will certainly be inaccessible to all but a few
t echni ci ans. The mcro approach has the additional advantage
that results are available before the entire project is

conpl et ed. Thus, key projects can be examned first for early
assessment .

A second major point where | feel the RFF proposal has
strayed away concerns the need for enpirical studies in order to
conplete this effort. The RFF proposal seens to inply that we
have this enpirical information at hand, it sinply has not been
put together. M initial research into conbining fishery science
and policy suggests that this is not the case. Key |inks between
managenent actions and fishery results remain uncertain. As |ong
as this remains, the sinmulation nodel wll be helpless. A
simul ati on nodel whose paraneters cannot be justified by
enpirical data is a tool waiting for abuse. Too often in systens
analysis, when a link is not understood, it is "sinulated".
Volunmes |l and 11l of the RFF report are good exanples. They
give the illusion of being answers when in fact they are just
hypot heti cal exanpl es.

Simulations only work if they are backed by solid enpirica
resear ch. One inportant role of developing a |logical structure
to analyze fishery mtigation policies is to establish priorities
for fishery research by identifying gaps in our know edge |inking
policy actions to desired outconmes. Coordinated funding for
bi ol ogical and economi ¢ research nmust then attack these gaps. It
is only through targeted enpirical biological research, that the
key links of the nmodel will be neasurable. What is needed is not
¢ simulation gane but rather a carefully designed and imedi ate
program for econom c and biol ogical enpirical research.

Despite these reservations concerning the specifics of the RFF
plan, | whol eheartedly support the thrust of what they are doing.
It is critical to review whether or not the mtigation programis
doing what it is supposed to do. Money spent on the environnent
iS a scarce resource. It should not be wasted.

incerely,
;

RdbeTYt Men sohn
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APPENDI X C

Phase |l Personnel and their Min Contributions to the Final Report

This list follows the order in which the individual’'s contributions appear

in Volume 2: Technical Reports.

Danny C. Lee, Research Associate, Part |
Resources for the Future, Washington, DC

Cifford S. Russell, Director, Part |: Chapter 8
Vanderbilt Inst. of Public Policy Studies,
Vanderbilt University, Nashville, TN

Charles M Paul sen, Chief, Conputer Services, Part Il
Resources for the Future, Washington, DC

Valter 0. Spofford, Jr., Senior Fellow, Part Il: Chp. 1-4, 6
Resources for the Future, Washington, DC

Susan A. Capal bo, Professor of Economcs, Part Il: Chapter 5
Montana State University, Bozeman, M

Virgil J. Norton, Director, Part |11
Division of Resource Managenent,
West Virginia University, Morgantown, W

Allen V. Kneese, Senior Fellow, General planning and

Resources for the Future, Washington, DC coordination of
research project
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